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1 

£{c «fc o T^aSftfe&RtfrfTf&S 2 IBIS©* 

DN&fl 7 ] KMM»?0tk?&tf 1~1 0 0 n m T? 
BIS® 8 ] RMWttTOttTft^ 2 ~ 5 0 n m 

;l/ 5 - 2>K0||ffKftm?&Sl|#g 9 E«® 
BS#S 1 3 ] KmgtfS/ U rj y«^tyR*S 1 Eic 

0**91 5] wmwamwfi* mmmcmmtix 
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2 

nz'pK < 1 1, 1 o©7tm^#tyfi^ 1 e«©*-* 
10 [it*ai6] K^-js^y^a-^aaR*^ 

;?-a.~7zmz., m*-#yi-;?3i-7<Dm.mm& 
cit *a 1 8 ] mii-^yi-y ^a -•mmkw&fc 

y^/^jL-^fiScft^tirSXS^-rSff^l 7 as 

30 [it*«i9] ^mtt^ffi^w-rsaft^ffigK^ 
&zm*y--v ywcx^TmM&LtbxwHLWcm 

jJ? > * / ^ a -7f/ W X©«ifttfffio 

d»*s 2 0 ] K**tt^s*#r ssfttfffij&ts' 
%wz7* y wx vxmmKwm-tzjM. 

50 ^a-^WX08BBD5rffi, 



(3) 

3 

mxmzii mmwtmmt>\ msmmn^nx 
7y, ®m$m%ifrt>w l m%'p-&< 1 1> 1 -o^tsm 

^ffit^fig-rsxig*^ nmi$ifc7;^--)A io 

KfcJftST tfK 7;b ^ ^ *> il^lilltt 3 

^{t^±-r§xs^*-r5»*a2 2iB«o*-#> 
^■ry^5S(fn5 / >^< J:*, i -DZ-stsmn&mx-n 

;U 5 S XSRtf KKB?LJSg|3fc«^m? £j£ 

Jffrsx&fc^U *0K7*3-*AHI*IWiWfcL 

rm?L*#r*7;i/5^-ii*^i-*xje*^ R§«s${fc 
*maLtc<D%iim«Mit*mMu fmatmrnmit 

TSXig£^*?ff#« 1 8E«©*-#y-f y^i~7 

DB«3S2 5] K7;i/5-9AK«Bffi»fl:LTai?L 
**1-*7;l/5^«^«t-SXSfcK»l?Lli^fc«^ 

tt^^jafsxsfcoraic, K'tttfj&ssnfcatt 

0»HaT'^taJ»'rsXS*^»W*«2 4iB«©£~ 
^^7/^a-7r/WX©»ii^„ 40 
[H^26] »I&£2 0 0~1 1 0<rCT*5~6 

DR#B 2 8 ] Kttfttfe?tf Co, F e &tf N i 6 
IBf flS^fc: < 1 0©7Ci&£'SrtJR:#E 1 8 7JM 2 

XCWftSffi. 50 
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Bf 2 9 ] KMWttrOttTS^ 1 ~ 1 0 0 n m 
T*&2>m&m 18, 2 7 Rtf 2 8 wrtlfr<DWctEMt 

3 o ] mmmm^com^m^ 2 ~ 5 0 n m t- 

[ft*S3 1] £-^7/^-7£j&S£-£3X 
£-gtsE7jtf 500~3000Pa <Dm&ftX\ 

^4oo~8oo victm? ^mi^tsm^m 1 7 te 
cn*a3 2] wmxx.&**v. *.7uy. 7* 
t> 1 o7?fe5H*«3 1 mm<D*~$yj-y 7^-77 

Mvim%£?\c-m^LX^2>*-*'yi-/7*- 

c»#«3 5] m±i-xy7S7*-7tfmm. :: ?m 
mc^Ltcij-^yi-/7a.-7x&^x. mmm 
Tbmmn&msicmmvsmic&'&Lx^zm&m 4 

aw**ru m-$yi-s7*-7mmw&mmt 
it h y*>m-et2tix^zm?m 3 5 mm^m^mmm 

ffifc*oT»**nfc&JHtt?Tf»*IIWW3 5fB«© 

3 9 ] mmmTtfx > vu h > - 
K^6aarns^«:< tt> 1 o*^-?t,^n^3 5 

fB«<D*?£fcffiifl?o 
H9*S 4 0 ] Rttgtt?Qtt?gtf 1 ~ 1 0 0 n m 

r-fesit *s 35, 3 8 &t>* 3 9 ©«/"-rn^©®fcE* 

4 1 ] 2~5 0 n mX 



(4) 

5 

rnxm 4 2 ] mmmtfT ;i> ^ t^tsm^m 3 4 e 
ot#a 4 3 ] mmmt>mmm.®micfcf£LtcT)i> 

■e«js*nrv^*ii*«3 4E«o«^iaai?, io 

[ff#« 4 6 ] WBrnffis U 3 >£-^tm#* 3 4 E 

rat** 4 7 ] KBa^K*«^Bs*«rirr 
m*a 4 8 ] RSfttfijt* n-c 

n3'>& < 1 fc 1 007c* 3 4 iESc©*^ 

C»*« 4 9 ] K*-#>"f/^a-^*ll»*« 

3 4fH«©«^iHH ; ?o 
[^©fSHHftSJfE] 
[000 1] 

$fc«tt*f!W§ tfc* we s t m c^es h y*)mm 

ffi) AFM (£?RttjRHkM) Si^t LT*OTrT 40 

[0002] %rc*mm. f^x^K 

[0003] 

m&ttvti-x y&-®mc *-$yy 



#H8¥ 11-19 4 13 4 
6 

[0 0 0 4] C©«ScDfM&tt, P A NJtSSt^^fttf 
iS^fkL8 0 0~l 4 0 0 o CT«fKffcU fltl50 

o~3ooo ic-^iftfiftLa-ra^tt^&So c 3 trtt 
$ftrctj-$y77j^-izmm*®w$m<D®W}<ft 

[0005] <mt(i»jiCs ifi^i6E*nfe*-5i?y^ 

»c&3 c<o^—^yty^^~zntij~ 

tu n*<DmfmmtLxmmnx^2,o 
[0006] *-#y^y^a.-7co^c^ r-t 
imwkmm?%<Dft-tm\c%.-ox^%t>\ ncDmu 

~-7\c-3\,>xm.m?Zo 

[0007] ■Ry-fsi-a.—'Ti H&tf*— $y 

y±/?-a.-7ttyTf. H}-#yi-sr2i-7(Df%m\c 
7*)\'77*W&ii-$yft1f&?%W&*>j3-#y-f 
;7-3L~--7fc<3tbx^%o 

[0008] ~mmmm<Dti-^yi-y^aL~y^ 

ArJVf-a— 7 (SWNTfcKISrr 
?tlTV^^fe©«V;l/^7*-;b-fy^a-7 (MWN 

[0 0 0 9] cn5©*-#^y5 L a.-70@3i^ffl 
WcSi:i6Si:Blik:^-rj:dfc**o 01 (a) ~ 
(d) &«OHtt*-Jl?>-fy^a-7' J f>*-#> 

BfOlM^tKIWi"e$5o H*. l l teiJ 
-t^77^/^ 1 2 a~l 2 cltti—tfy-f/?- 

[0 0 10] *->f>7r^/^-(iS^t<, WfcT 
ftxmVzOMBMmtfZMlsX^K^mi (a) fc^ 



(5) 

7 

01 (b) <D£vl,c?-3L--7<D$>btffttemc¥iir°B. 

[ooin T-zwmtmx'imi (c) ic^fj;? 

U J^B07^;l/7 7xm>#-#>'©ttiiMk'>&^ 
£01 (d) ©<fcdt^*lc^^ti/^i^i-^» 

[0012] ±m<Dti~$yi-y3-3.-7<DmmtLx io 
^^-x^mm^mtmnmm, r-tmmm, 

[0 0 13] CCl:-(i^W«:3Wcov^-rJ[J(Tt<:B 

(i) mmm^m^mm 

X$>Z>o Z<D&*>rmmi, C. E. SNYDER&t 
<fc5 International PatentOWO 20 
89/07163 (International Pu 
blication Number) fcfHfcSftTV" 1 
£o £jSS^Wcx^b>^:/pAy;M<3S£^« 

X >'^p^try^©tafpj^{t*^x^by, 7p 

hy, -mitmmm<Dmm^^mnx^ 

fr£t>&^t7rs£ftx^& 0 

[0014] sfc, m®tf*t7km<Ditiz 1:20-2 30 

0: lAW^^ilttFe^ FeiMo, C 
r. Ce, Mt\<DM^mtim^nx^^. fn^ta 
-AF (fumed) 7*5. -f±\cimi£-&Xl5<Jjm 

ti^nti^o ss^±5 so-ss Qwmrn 
x\ i?x<Dffi.m& i ^y^sozK^ i o o s c c 

ms KH^O^^X^ 2 0 0 s c c mgjgtf L- 
<, Mi?£«ALT3 O^-lBfragJg^-tfyf- 
a-^JjScgfSo 

[0 0 15] c9 LTt#P>n^^-#y^a-7*£0^ 
JiBS#3. 5-7 5nmiSt'St)> g2&ttS©5 40 
-1 0 0 0fgtCjtT3 o A-^yco^g^fi^i-^ 

[0 0 16] $fcfe£»i£<&^fc<D<DMo£tt$ 
SfcU -KftK^^X^Jg^XtcLT 1 2 0 0°Ce 
KJS^S^SWNTftWSn^Ci:^ H. Dai 

("Chemical Physics Letter 
s" 2 6 0, 1 99 6, p 4 7 1—4 7 5) P>fc<tOT 

[0 0 17] (2) 50 
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7-^jft*£«, I i j i malc^^mWlc^m 
f¥»i. Nature (Vol. 354, 199 
1, p56~58) tcEK^nri/^o 7-^jft«£i: 
ti, 771/ dry l 0 0 T o r r (DW-mntpXMmWMMZ 

m^xmr-timmi^ £^~>mm*75mx&z 0 
2 o nm<Dmmwm-tmz®.m-%o ctD^-^y^- 

a-^(iES4 — 3 0 nmT-fi^S&l (im, 2 — 5 0/1 
<? % *<D*-$y<DMBMmim\c¥ft\cmMVi\cBf$. 

[0 0 18] vmra.-7z:t, Sfc^a- 

<DBraSg»i 0. 34nmi;y777^h ©BIBSggifc: 
r-7-^TWrv^c 

[0 0 19] $fcT. W. E b b e s e n e>ti7-^jR 

"Nature" (Vol. 3 5 8, 1 9 9 2, p22 
0-2 2 2) fcfe«LT^3o Htll9nim, ffig 
IcEgemmfO^^ffllV T-^y/V-tfl? 1 mml 
bT^fRj-rS<fe5fc^SLs ^\'J>>A^5 00To r r 
<Dmmn*X® 18 V, 10 0 A©7-^fifc«£fg££ 

[0 0 2 0] 5 0 0 T o r r ttT^^*-#>tyf a 
-7©fij£fci/>& < > 5 0 0 T o r r 1X±T* 

figaaM^-r^o m.m&ft<D 5 0 0 t 0 r r ist&m 

<P<DiJ~^yi- /^o.~^(DWi^lt7 5%\z.W?2>o S 
AH^^fcS-e/ctK HHM^7;l/rrytLTt>*- 

[0 0 2 1] (3) U-tf-m%S 
U— f-HSIrStiT. Guo5k:«fc*K "Chemic 
al PhysicsLet ters" (243, 19 

95, p 4 9-5 4) Icm^ftX, A. The 
ss^\ "Science" (vol. 27 3, 19 

96, p48 3-487) lc b—9-*-«£fc:<fc3P- 
7tfSWNT<DM&$8eLTl/^o CcD^fficDSJBSa 

[0 0 2 2] $"T\ E^m^tC o^N i 

y KfcKHU Gi^^fc A r ^ 5 0 0 T o 
r rmtcLtcfe, ±fctt 1 2 0 0°CMcinI$-r3 o ^ 
LrE^^±»J©^P. N d Y A G U— *f~%M?t 
LXX-$yvv YZ1)U%Mm*£5o 

wvTtfLWizx-xyi- /?3.-7t>mm?z 0 zojs 
mtswHT*mfcmc{m?%Jo&tLxii^mx& 

[0 0 2 3] ^CiJ-t^t/fa-^OlSffltCO^T 
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mm&vtt *-# y j- 
/r^-rvmRimshimx^&^tf. fcrnit^fottfc 

C0024] (i) m?w. 

tf&ZrctbmTMtLXVmiWW&^o W. A. de 
HeerSfct, "Science" (Vol. 2 7 0, 

1995, p 1 1 7 9) ?\ 7~i>immx*mt>ftrcj} 10 
y-f y ^ -7*mm l 7^ ;i/ # -^si l ts«± 

y^jL-^mfflt^oT^^^ lcm 2 <D®«fr5> 
7 0 0 V©«ffi©gi*Pt;:<fc D 1 0 OmAJLX±©)Kai*^ 

[0 0 2 5] ^fcs A. G. R i n z 1 e r "S 
cience" (Vol. 269, 1995, p 1 55 

o) icx, T-^wmmxn^ntcti-^yi-y^a.- 
7<D\**%M^K>mxmyL*Mmhtctz.?>. m 
7 5 v<Dmm\Mz&^9im<D?£vtcj]~xyi- y=f-3. 20 
-7frt>mi nA, mwm^fcti-xyi-yf-a.- 
7fr<b&mo. 5 /x A©sctti*^#e»n?cJ:^$n-c 

[0 02 6] (2) S TM> AFM 
H. DaiM, "Nature" (3 8 4, 1 9 9 
6, p 1 47) \a$^Xi3-ityi-;=?-3.-7<DST 
M> AFM^OjSffllCO^T^LT^-So ^-tf^-f 

SmS@$J5 nmCDSWNTlc&^TV3, fy/ (t 

i p) ^sn<, L&^frxhzfcft, umvmmBfto 30 

JgT-t>f0«T*^ ^^-y^^^^a (tip c 
rash) <D&^m.WM%?v7 (tip) #f#&ft3 

[0 0 2 7] (3) 7)<iillrjfftffl 
A. C. Dl 1 lonBBSWNT^SCfcti 

fe<D7mttt>mMXZ % C b% "Nature" (V 
ol. 3 8 6, 1 997, p 3 7 7-3 7 9) IcfSSL 

^Wtctt7i<^gfj¥l?©7K^lfi5^i:LTffi'ft 40 

[0028] se^e^A-^y^yf-a-^^^ 
isttt, #5ft3#-^wv^a-:/a*£fc/5ft 
$>fr%i)7y-?i±%;t><Dx&*), -zrcrngMxteti- 
tfy+y^z.-zncm.Mim&znx^K^o ?&t>% 
%-$yty?-3.-znmm^isX, -£f$,mc®w.L 
Tffist, zzKmm%BMic'&fri£xmm<DBmz 

[0 0 2 9] #J;tf;?> m?M£Lx%mL£?ttzm 

£lc«, A. G. Rinzler ZIZ, "Scienc 50 
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e" (Vol. 26 9, 1 99 5, p 15 5 0-1 5 5 
3) ic^nxi^i^lcti— ^yyy^^~<D 

mmt, tt*wm\c%m-$zcti$>m:£\,x^ 
s 0 

[003 0] Wa 1 t A. de HeerS 
(is "Science" (Vol. 2 7 0, 1 9 9 5, 
pi 1 7 9- 1 1 8 0) "Science" (V 

ol. 268, 1995, p8 4 5-8 4 7) fc^*n 

^.fe^ic, T-ttmximLtcij-xyi-;?*-? 
^fiut/m -tv^-y^7^;i/^-^ffl^raK±ic 

s 0 c<Dt%re>iamMmzmM£t>~$yi-/?-3-~7 
Jtm-SLxte^K^o *fcmmt2>-h-$yi-;=f-*- 

[0 0 3 1] 

?]Ktii»©^v^-#>^y^a-y*T/W7.*^-r 
Rrfl6ft«fc5fc*~#vfy^a-^ts^u lot* 

[0 0 3 2] 

?z<i£<DX'%z*$m<D*-$y+ j=f-3.~T9tu 

® aiflift «fc o \c-wm^ l tvs a-sj? y± y ^a - 
y^e^7c*-#y^yf-jL-7x/uxT'fe-pT, & 
*-#y^-y^a-y(D^«ttgffi'\cD^-a-a5^g®T 
H^nr vs c tz&wittz $><dx$>z, 0 

[003 3] 7;V^tt>L<tt>"J3>^ 

:?Vf-a-:/©ffiffififk*H-5 3 u\, *7cT 

;I> 5 iW*tfKill*ttaffi±lc7;l/5- 

c^{cj;oTtip)n5o zixcvtmmm&mm 

5>;lo-9A* :^}-y\ $y$fr, *U:7 
f>> Si;&c>*ffiiafr&ilf£n3'>&< 1 oOtHR, 

mmmmmz^mm lx% < ^s*^v>fcfeT*s 

[003 4] Sfc±E©IW*aj^*Cfc©-C*3# 
%#-r§Sfr, RtflK»«tt«iincWii»riBftJ:5lc- 
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[0 0 3 5] JE^EOBWJaBSWtrSCfcO-ptSW 
[0036] fLTCOJl^WJWfcifttf, *-* 

y-f / - ^o*iRitt*Bafc <t o tww-t * c t -e 

#!ftWT% fiOlfifiiDfcSSTM^AFM^O 
[0 0 3 7] SfcKI»fi*r>P5^feL<ttS/y3y« 

*tf Jit Lfc«^tt, »«I«iiicll»*©*-#y^ 
yf-zL-fff&SL, &4<D%~xyts?-3L--?(Dm 
Gsmnmsnc <t o rswc ism? nfcflua©*-* > 

tm^a f um<Dmm m^emmic xvmLtc&cD 
[0038] micmmmmmtf, mmmmn^nx 

t>\ wmiivi&^mwmmt&z £oicmmm.<t* 40 
m^tLxmmn^mmicmm^mi^^Ltc^-^y 

[0 0 3 9] *fe±t3L^a^©*^icfet,>T, Sft 

x hy%mmz£?xj]~$yf;?-a.-7&mm®i 
micmmmicm&znx^zwM. Rtfrnmrntm 

*Mf£?ttm*$isAxZ'StsiimMZftLXt}-tf 50 
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yf;?aL-7i3mm&micmms!micmttztix^ 

[0 0 4 0] 

[0 04 1] 02 (a) ~ (d) &tf03 (a) ~ 
(d) li&4*mifcfrfrZ*-$yf/ : fa-7~T'*> 

j7><D&mmwm<DimffiM®x&5. nisfsmcts 
^xti~#yf;?aL--7t&, fj-xyttizsStot* 

[0 0 4 2] 02&tf03fcfi*</>T, 2 0«gft. 2 1 
fi»»2 0©»«ttgffi^S^-r^«, 2 4 

-fz Aomm/mmz l^o^-a^ (root)ci 

[0 0 4 3] 02 (a) tt, S»2 0±{c^S^©^« 

te&wtm&tzmz 1 meats ntwi 
jarr *jb 2 1 ommi^mmimw? 2 3 ^tr*- 

[0 0 4 4] 02 (b) a»f*2 0 smmmummz 

c «D*«tt«iSfcjas«jB«ifi? 2 3 *rt L T#- 

72 4 0D»«ttgiii'\Ojg^M)-ttBg 2 2(C<fc-^TH 
[0 0 4 5] $fc, 02 (c) (i^M2 2h»*14a® 

«»a«n««aT?»»), ££02 (d) awaffiga* 

*-T5«f*2 0 i:»g2 2 
g2 5T?««*tt*t8«T?&So 
[0 0 4 6] ±§B©^l75ii*-#>^y^a-7i:^* 

[0 0 4 7] 03tt*-^>ty^a-7^Fy^;l/g 
[0 0 4 8] 03 (a) ttSftOW«ttSffii*Sllirrs 

a 2 1 ©±fcgffi»{fcStS©lfi»H 3 5 0 , ^-<o± 
icttMSBflDtt? 2 3A^t), tOttastiBWtt? 2 3^5 

03 (b) ««a»ji3 5^*-*>-fy^a-ris^aj 
3 (c) \mm!mm*mmz>m2 Komm^tn 
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\c<d fr®&m 3 5 w&i&znr^ 03 
(d) tts*2o, mwsggffi*miSfr&M2 k mm 

[0 0 4 9] Ctlt><Dm?'te£Zhy*}l'&'£m%7nL 

^mmicim^^K fefci^+^nm-gn Onnu 
MftWfCte: 1 ~ 1 0 n mftW* L^m&r*&2>o W.BM 

(a) ©g^fentf«tttt*ffifc^2 

(b) M(c) <D*j£-£&ftf£, mm2 2<DBfm\c 
mm 2 2 ^UttaffiXfiWlttSlffiSrSgfb-f 3 C £ 

[0 0 5 0] <lcDH2Rt>*03t^LfcSfiK{i— 
OT, «*tfH9t^r*5=Bsl»!«feSfc*WflO«H 

?%M2\±}mfci£ntdmmx°%>K), caimmx-iz 20 
mznrzfflRX'&Zo ^LX9 3imm^.mmtmn&, 

JSgPfctt^®®e?2 3^^P>n> ^£#$jS»i? 
»6*-#Vt-/fa-7Z 4JWM7L5 3©Sfc» 

■So 

[0 0 5 1] @9t^tA-*yt/fi-7f^^ 30 

/**-7PMw&mw^i££®im8L. mam 
[0052] ±m&mmmctkxmw 2 0 icmlt. 

fl^a@2 (a) £</HtH3 (a) ~ (c) X«09R 

tfi nciB«Lfc<t9{c, «Mtttaffi*«ja"rs«2 1 

[00 5 3] £fc02 (b) , (c) > 02 (d) W,^ 

am3 (d) taa«bfc«ijao*-Ji5>-fyf-a-^7* 

^WXfc 33^T8\ «A fcf p m i/V 3 ^ ^ n Wy U 3 > 
[0 0 5 4] BS2 2ttr^x{tl/fci:*k:S**ti 
itf3£, 7;P5-feu<tt'>U3>*±fti:"rstt» 50 
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ftfc-rsttfifcti, mtfv'Unx mti&VayRXf 
fflt'sV ay (S i C) ^63!tfns^a< tt> l o 

[0 0 5 5] C©*5k:*-#^/^a-^OS|fttt 

wm<o-®m%>w-=-y7&ic & ^ttMt? c t 

«waiiTmit«nfc*5ai!« (05#m) 
^<>a (a i) ©HisiMtfci^r^&nsT^s^^ 

->'J3V (S i) ©|ftffi{t«lcj:>3T#&nS'>U3> 
[0 0 5 6] AlOHMfRffcffifctt, Wfc.tfJ'atfWD 

m^*-? a i p t mzmmt l 4 0 vss©* 

ST'tt, A 1 ©^ffifcE&tfftn mHR 1 0 n m<D«L 

[0057] mmwmmm\z.T)\>^-*7LMw&i& 
c i let ot^ltfri!)^ *-#y ty f a-7f^ 

y (T i ) , ^;1/3^<>A (Z r K (N b) , 

(Ta) , ; 6 1 J7"f f >' (Mo) > I (Cu) S 

(z n ) ft^asjfns^ft < £ 1 1 o©tc*%-& 

[0 0 5 8] fiP^, ilOSSffit'itttSI^ML 

A l ©lWb«Ifc7;^tllcli«n5 

[0059] X> CO<t^ &#3^^ »«tt^iB*^ t 

a i mmitMrmmmmitmmir^c t 

zmi&?m2 1 fcoianc^a-rsr^^^is*^ m 
n 5 3 oegp t wm&mwtfD* <*m*tf>, «*14SE 

*ftjW*#fi«*ty/<7. 9 3 ^«m-r§ C fc^T-t 
§o ^ LTil ©/ST. 9 3(iffl?L5 3©Jgg|5i:^*1±gffi 
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[0060] &it, s i <Dm®itmt^mmm^s 
imfozm®. QtezmmtLxmi omk/cm <d 
fmzm?*&x°& *> , c (D^mc * o ?®mm 6 ic 

[006 1] * C1?m«S»fc bT»«ttS/U 3V1 

« (p§US iW) Affile U K*«ttS/U3>»tRail io 
[0 0 6 2] ±ELfc»fcA 1 ©BWHMk*»S i QlBffi 

^setotffrsffsewfcLrtts WttfK (f 20 
e) , a/Vl/h (Co) Xa-7^;V (N i ) 

[0 0 6 3] tt«B«tt?«1f-f XtLTtt«A«tt? 
gtflnm-lOnm, 2 ~ 5 0 n m£>$BH*>W 

[oo6 4] z.<Dmmmm^<oM^<DW&&& 

C oWf^tl^T^tlff, C o S 0* 30 
•7H 2 0=5%, H 3 B0 3 =2%<DHmW¥XWM 

m&mwtttfamMtvmic 1 5 vtr^©« (5 0 h 

z) «E%9ltoWf<fc^o c©75?SfcJ:tttf. 00* 
A l ©HTObfcJ;o-r^«*nS/jNV?*ffl?Lfct>fe!i^ 
iBWIk?«IXf * c i: 3b«tf * S . 
[0 0 6 5] ffl?L(ctt«ffl»i?^^A-rsffi©73^i: 

[0 0 6 6] CO«tLT^*tl3BSh:«fcoTlR»3 40 

[0 0 6 7] KiRfc#3R<D*fr&aS**>\ 
x£X 7pAX 7£>\ ^y^X ^^^v x? 1 
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x*-/U7;I>a-/k *f-fl,Tfr*-J\>. HWfcK*** 1 
[0 0 6 8] Ctt&©#^SU^K3|5H4g#©i8B J f> 

tfAt)fc<<T.fct,\, 

[0069] *fe*-#y^y^-a-^©fi}a^©riis 

[0 0 7 0] &lc05fc^r, ^HBfc«a*— 

[0 0 7 1] 05Ci, 7;l/5-fffl?L*ffl^fcl8S*-# 

£3o £"f, 05 (a) ic^-TiMC m«'S i«>x 
>v-Sl£±fc:, Ti> Zr, Nb, Ta, Mo, Cus£ 

so^-y-v Y*m~?%*rtv*vy>mw.\c£%w& 

[0 0 7 2] A 1 £IMMtf Sfe&fcSft** 

mifO. 3M©S/a^iKSttk:«bx 17°Cfc-K^L 
feSSSflc^HMB, P t^it®i:LT4 0V©«E*9] 
iKTf^t, 01 Ofc^-Tct^fc, S^A lQ&Btfttff: 

l*.b#fc«lWttJ||*LT--£fcftS. ^©t£, All 

£LT, Ti, Zr, Nb, Ta^ttMo4ffllr^i 
£fc{±, 010 (a) fc^-r<fc3fcR|TOfc«^S'> 

*jai/fc«*fctt, 010 (b) fcjSLfc*5fc, US 

SBB«t*r«*mo»Ri:» WHMtOffihllSllliOW 
PtCtoT, 02, 03SLtf09©{Bm^fC^tfc*- 

[0 0 7 3] «*fcf, 3HI1taffi£T i , Z r , N b, 
Ta§Ei/>(iMoT«^L, E3Mtt£i5fc«jSl/fcA 1 

ihtft«^. 05 (b) fc^Lfc«fc, »*ttSiBt« 
fiScLfcA lH2 6a^OP?^[pIli:^T^{k$nT7;l/ 
~ 1 1 * 0 , SfclBHL 5 3 (i«*1taa 2 1 S T'ttfM 

1-1 0nmOJS*T?7;l/5-f*'#fi'rSJ:^ft«!ifi* 
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T&303 (b) ©A-do-^y^-i-^T/wxfcfe 

[0 0 7 4] $fcWItt£®*T i, Zr, Nb, T a 

IMi»fc*HffiiWI^WSiftl8^fiTbJi6ii>fe«»<:fi , iI:L 
feS^H 09(e*L fc<fc 3 fciMttt£®i:in?L 5 3 ©JS 10 

W6Ti, Zr, Nb, T alHiMo 
tt«iiifcm4:©IBI©««!fe**»cia±***WTf 

*ips&rn]±£03 c £ tfr- 1 § o 
[0075] cc-e^x*^j«*nsa*ttW6**T?* 20 

mm*). sutfffiMtxm cn^ttk 

X&h 1 ©KftfctfoTA 1 ^ty*WJ;otIi 

Kft^nfcA 1 gp»*iiiiLT«j»«tfik:§i*tfi*na 

Ti, Zr, Nb, Ta«^ttMof) ^TLiSSP©/ 7 

C5^%^&n5o fLTTi, Zr, Nb, Tai^ 
ttM o«OWB»ttft^6«fcSS^ fclBilltcttgSK: 
tt»#Lftt\fc«>, «£gB©7;l/^4>fc:/-?X£LT 

[0 0 7 6] £C3TvSXtf^£2ftft«jgf*£7j<3SI;tf 

tmiL5 3t<Dm<ommmw®.m-$ftzmii!itwz 40 

[0 0 7 7] ^LTK#t^©tSW1£Stffi£)ifflfL5 3 £ 

mtLmmMttomtfatiEii, ztdmuct-tfyi- s 
$Lk^o«f*5. &fc7--;i/©iaKi:LT«0iJ 50 
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*.fcf2 0 0~l 1 OO'C, ^«5~6 0^JbW*L 
[0 0 7 8] MtW*tt«ffi*C u^Z nt«L, H 

isitiMT t fthtbrc&KffimM<t*&± l terns 

fcH\ 01 nc^T£?lc, »I?L5 3tfi£«4«ffifc£ 
TfHJt Ufc#fiBfl#W&n*. * tr c ©#ijgft«:0 2 

[0 0 7 9] Ct?J3RL1t&4<DW&\cfrfrZffi&ft 

[0080] ^T*ismLttmm^Tfflfr*tefm 

[0 0 8 1] £-#>?-/^jl-7 , ©j£§«, #ijx.fc?0 

c xm 4 ic-o^xmwtZo 04*41 ttEJSSST?fc 

-©SfiJ&S-pT^So 4 4Sxfl/>f©Sfi3!f7* 
*A"t-5ST?&!>* Sf^£T*©im#Xigjgtfi$-{c 

tezzsmm-ztix^zctiimsiL^o 4 5^mm 
mx<§x& K> , mutiasaai 4 9 wx^t-t 

-So 

[0 0 8 2] 4 6lttf7><Dm%L : 5'{yX&t), 
¥tfy7 J Pu-$V--tf>7'\t&!Wi-£tlX^%o 4 7 

«s«ctor»ffl©is^ia9 y?x$> *> , 4 8 <4#*Ma*a» 

[0 0 8 3] t.-55A/dCTKWl/fcS«ar^0T* 

<, ftm^±ft*tmt5m%im<Dmwx&-ix>t> 

0 s c c mlAL, )£B{£B:tfX:fc<}:tf#^;tfX©#X 
mXW4 53^57f^R* 1 0 s c c m«AL, ^i§ft©E 
MlOOOPaKUT, gni7>^c<fcDlM7 

0 0°CfcLT6 o^rass**«. 

[0 0 8 4] C©«fc3tLT#&tlS*-#>^/f-a 
Sttftl 0nm~»l Ojimfcft*. £fc^a-:7©tt- 

•c«»«?ttiB^STM^oiaaf^*?7 f /'{>rx, v^r 
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#>s mfomm<D&is.tLxt>%m^mx&z> 0 

CO 08 5] 

[0 0 8 6] HWJl 

(i) mfctxsxm&izftmmtzs i fm-is 

fCfc^T i£J?£l OOnmtilLfto X^-y£U> 10 

RFi^j: 4 00W, Ar^E : 5mm 
T o r r £ Lft. T 1 *«RLfc©^ HUCgBrtT*, 

TA 1 fimtcAKU 05 (a) K^tmW 

[0 0 8 7] SftT ifWB*. Z r, Nb> T a > M 
o. Cik Zn, P dSftttAufS^fc^fttWHLk 

mtmmichxms (a) jc^-rwwsjisw-rssi* 

[0 0 8 8] Cft&0£tt%£*O. 3M<0->a-)ii 20 

«fc»»U l 7iCfcfi8fl/fc**»»*IMifc, Pt 
*BESfcl/T4 0 V©*E*BlintT A 1 iDll» 
ff&oft. Hi 0fc^Lfc,fc3te«ffl$jtafc±D«8JSl 

jsfc a i cDgffi^^fb^n^wwsttiM^-r^^, 

tLtc&%<Dmmc~D^rimi oic&m ( a ) t-^l 
ft. o^s^'jft, cc-pcne©!** 30 

[0 0 8 9] *fe*«tt*B5««ia»-Sii*C uMO* 

(b) T*7fi Lft £ 9 _kll Lft ©l5{gT L 
ftk£fcli«b£:{fitLft. Wl^io^o 
ft. ££T*cnZ<Dmfc%:7)l'-y<2><DmfotfoirZ,£ 

[0090] wcmwBEXR&mxt&M&p amRxs 

(c) teKbtczoteimicntiiimtfm-kLrc&icmM 40 

[0 0 9 1] #fc, ±fl3^;l/-^®, ©£.t/©©»*fc 

o^t, jsas«?fSfm£/H^T*©^*i!Ptfi,;fc 

kC3> 7;l/-:/©©gttfc^T»B9fc^Lfc«fc3 

tiwfcsft, $ft«L5 3iawttt*iinctta5ii/r^ 

(0J*»fT K Zr, Nb. Ta 
£ft«Mo) nt C t ^ 50 
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[0 0 9 2] ^lz-yOoifttO^Tii^ W14^ffi 

±©a imit^tom^mc^cmitsti. ^rmn 

[0093] ^rcVji~-f<3><DmmcD^rits mw.& 
a®© a i«tt»ffcsnfcfeo©x imsilt^ 

ztmaE. Lfflntmmz nr l $ ^ ft *>© b n 
[0094] (2) s i vx/^-mfommcT mi, z 

rBU NbE TaKRt/Molii*J&8L;fcB5 (a) 
fc^-r«ii#^±f3 (1) i:BtttLTftHl/ft. Ctl 
£>©*ft£#40. 3M©'>a»>MS*k:Saibx 17 

rtfiw Lfcs*sft*»«t % p t ^mmicLX4 o 

VO«E*BlinLTAl©SB«iMk*ff3S:ofe 0 RffiB 

itttHi otcfet/^rftia (a) ^ri*ttiMbt&K©« 

ft, cn5©S#£^;l/-:?*©©»*k*fFt-Scfcfc-f 

[0 0 9 5] ^-^@©Sftfcoi>Tji3lS«?Sam 
f££ffi^T*©8$£fi?tfLft£<:3, yfr-Ttoom 

fateS^lcKffcSn* £ftiffl?L5 3{i»*tt«Sfctt|iJ 
IbT^tooft, *LTy;l/-7^>©£f*T?liSSl2 

nft^xai^g^ti^ofto 
[0096] *icy;i/-^a>Rt^osft:to^T, tn 

ft^S'x© * -y *© L g 2 *WT©7? i* T« L ft . fiP 
•^CoSO. - 7 H 2 0 = 5 wt%, H 3 BOs =2w 

t %®*ssattfit^;i/-y(Datf®©«»*ii»L, ft 

*s ns ©k*«*{4£# p ^ jmmnm t *f f § s 

o^Tttft- i ~- i . 5 ve*oft©icMU y*— 
:/©t*«-i ovttb&^-e&^ft. d©cfctt^;i/- 

tt&Sifc©**tt©fa±fc:Sg&«»J££fc LTV 3 C 

[009 7] (3) ±12 (1) Rtf (2) T^Lft© 
tmUHteX7)\>-7®, ©Rtf®©S»Sffl«Lft. 

tmfcoM^L»CoSO. -7H 2 
0=5wt%, H 3 BOs =2w t %©zWS?KfcSl/> 
1 (5 0Hz) *ff ^IS#P^ 01*0^* S C k fc 

<fc D 0 5 ( c ) <D £ 5 *i|ffl?L^fc C o 
Lft^jg*W6nft. 

[ 0 0 9 8 ] *fcH 4 {c^-T «k 5 *S^Hf*3T-*-4-* 
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1 0 s c c m*ALTEJS£«rt©ffi;fr* 5 0 0 
P a fc Lfeo * bT*n«9 t TSftigg* 

4 0 0~8 0 0°ClCbfc o 

[0 0 9 9] fflaWSfiBEbftfts Sm#X*AW 4 4 

^V-l?VOJBJft^*» 1 0 s c c m*ALTEJSS» 
«©EE**1 0 0 0PafcLT2 0»HHW*Lfc. 

[0 1 0 0] JRDtHl/fcSft:0£E*F E-S EM (F 10 
ield Emission — Scanning El 
ectron Microscope: M^-l&Bi^MM 

( d ) lem <fc 9 fc«B?Ll£^«flSBa»lffi?^ £> *-# 

&mmx^mmmiL?ictii&Lxw.w& n m~a 1 

0 n mT*£!K S«h:f-a-^©M-«l*g^S*fettll 

t% ss*^©ai?Lfc»-3Tfiii75risucjasbrv^o 
[oioi] fcf£u ^^y^v-^^ow&tett, 

«/^yW&t>. ±^t>©«»L©IfiM£|s3@af<:ft 
ot^fc, *-*>^yf-a-^oj«g«iJaKt^ - 

[0102] ^p.nfc*-4-*y-f ;fa-/f/wx« 

ffiB(cgft©*-^>'^/5 L a-y^ffii:M[pI-r^<i; 30 
^fcKBbfco ^Ltfty^-rt^l 0 8 To r r 

[0 10 3] Ztc&mitLX, »*14«ffi^#-T5* 
{*0tSM±lc> x^y-;Hc5MR^feA-#>^-y 

s^LT^s^-tfy^/^-y^s&iwM^u y 

;l/-y0, ©M®©*^>t/fa-7^WXfc 40 

Wjs-rs*-^y^-y^a-y»mf>f©«**fflicL 

fcLTWELfc. 

[0 10 4] y;l/-y(D, ©&#©©*-# 

Kia«iWHi2ntti;», 2 o o Mmmuvma. 
a, *«-#yf-y^-a-r*^fciMR««fciii:Jt«L 

titt»8§stiT, fio*-#y-^y^a-y^5H 
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[0 10 5] c©cfcfr5#^©TVwxtt*Ffiic(ii 

ttx *?S5tfflS{i^t/>iRfcy;i/-y<2> % y;i/-y®, y 

[0106] (4) ±ib (i) xmrnLtcotm^m 
x*y)V-7®<mfozmmLrco c©s**h 1 : h e 

= 2:98 (#«t) OM-a-**X^T' 5 0 0 °CX° 1 BfP^ 

mmhtdk, ±ie (3) fcra«fctT*-spy-fyf- 

f/W7Siiv>TiE (3) traafcbT^sfctHa* 
lueift. ^©*§*±ie (3) t«?wc y;u-y 
©cDa^fflv^rftSLfc^-^y^-y^a-yx/w 

|S}± Lfc C t fc cfc 0 , *B?LF^©fttt^^P©«a?i» 

*fe±#u *fcw*tt^ffifc*-#^y^-a-yi: 
©*«feb<Mfc&#3n;fcc &n 

-So 

[0107] mm\2 

So mmmitnm^mwtLrm^Lrcs i *x/v 

SS*fflv\ RF^tXA*y#yyym<fcD> *TC 
o§t£Stt±fc:§iJ?0. 1 jimtfRLfcfL EIDSBrt 
T*jt—jfy h^A Uc^^ra^LTA 1£0. 2/xm 

©JSSfcJSWLTAl/CoflWilfcfHHLfco 
XA'^yy^fWR F«^J4 0 0W, Ar = 5mT 
o r r£H3n?&3. 

[0 10 8] #»CC©gtt*0. 3M©^ai>IKSftfe: 
»U 1 7 0 C(cS#Lfc$$a^H®;:, PtSBS 
L T 4 o V Effira L A l UteHMHM: bfco fcEEfflinfc: 
J:DSSliiat A 1 ©*iB^»ffc*ti«Sffi^»^"rs 
*©«ffl?lff •??# tt il*^ffi^liXbT-^ 
ffifc&So A lI©lW7t?iWL^T»C o 

m fc sBt imm&tfmi: l fc© x\ c <Dm&xm 

[0 10 9] £<DM : H<Dft*fclf Sfc&fc 5 w t %@K 
^5 0 nm©E@©ffl?L^*|-rS7;P^^^ii^fcS 

coiswu mmfthLxmmxzz&oicr^ 

[0 110] *tC©Sft*H4fc^ , rSlfiaitH*fc» 
■L, $ -f JfcBffiiifc «fc tf #X«*AS 4 5^ &**35f X 
* 2 0 s c c m^ALTRJtsSf§rt©E7J^r 5 0 0 P a 
{C L /-c 0 * L XffiWr? L TS#Sg^ 6 0 

O'Clctfco 

[0 111] »|g*«SSELm gftxfpy^i 0 
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%$-e*RUfcS^KRj!f^*2 0 sec mmXLXR 
&&&PwmtJ* 1 0 0 0 P a fc LT 2 0#RS&& U 

*©«**i«9 lt #xm&zmm Litems. 

[0 112] |# 6 nfcSfr ©Sffi^F E-S EMfcTH 
&LXWct>\ *-#yt/fa-7<Dg(iSl0nra 

©<fc 3 IcmWbTViXhZc t»S L^c iitf fcfr 10 

[0113] tisti^^-^y^-y^a-^x/wx© 

ff"T?.aog«fr S> 0 . 1 mm«LfcfiHlfc:#filWi*R 
Bbfco *LTf-v>/^-rt*l 0" 8 Tor r teSPSC 

[oii4] %<Dm$m \ 5 ovmimmfrzmttinm* 
mmztiiiutb, 2 oo vmuftoMtimffimitMfcm 20 

[0 115] HaHW 1 <0*-#y-^/f-a-^*ffl^T 

htfwmt^XZftZo 30 

[0116] wm\3 

So 

[0 117] Ltfggjri OSmmHSlOOmm 

□ cm) ©p§us iss*fflt\ esntwfcjBjasfsfc 

fcfcpSS ilfiOlffitA 10t£ttl /imJjEBILTfr 
&4 0 0°CT'7--;PL, *-5-y*3:/**h;fcflsH 
Ufco 40 
[0 118] fLTSft:**?^ 1 0%, 7;l/3-;l/ 

giWWiSilitlOmA/cm 2 9 

I PAT«lft. ^©IgfciDS l^ffifctt 
06 (a) t^n^ft»nm~»l Onm©ffi?LtfJg 
£4©»fiFLttpi!S i©|^g2 2tC<fcoTS{C 

H»*nri^co 50 
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[0119] c<Dmfa*m£MjamicmmLTM&mi 

0' 6 Tor r#fc«:3*T?*ffi3ltU ±ffifcgSiin 
IftiS&aBtfCfcOF e*0. 3nralttfe„ fLTS^ 

* fc«ofc$$s{**7 o ov^xmrnLxm^m^m 

WMZltZt, 06 (b) ©£5fcffl?L^cM®^5fi 

? 2 3 # a d &h,nmm t&?rc 0 

[0 12 0] *fcc©Sft«rH4fc^ , rg^B'f>f!:H 
■L> $-f#XgAS4 5*»6*«J?X*2 0 s c c m 
»ALTK^§§rt<DEft£5 0 0Pa&CLfco ^LT 
V y^^fl" L TSfWSfi* 6 5 0 °C lc L fc„ & 
l««SiLfc*, xfl/y^2 0 s c cmiAltSS 
^rt©E&*2 000Pafc:LT2 0#FH!«#U * 

©»#fl*5 y~?*m lt# x0a&*awr Lfttisfi 

[0 12 1] ^fC, tt«i»i?(D^Co, N i m 
tiP d fcg*;fc«fltt±EfcH8fc: LT#-#y*/ f- 

/fa-7f/WXOH*F E-S EMfcT«Ug?Lfc 
mmtLXYes CoRD'N i%ffl^ftf/W 

xtco^ram^fr &©#-*> 7V^3.-7©$ 

[0 12 2] (Bi^fcF e. Co&tfN i*ffl^TfKSL 
f:A-,fytyfi-7f^W7 ©f# ttfcff mt 3 fc 

v>, mm\ £mmcmfcicw&zwm®.n&r*y 

«bfcffi«fc:ft|«J«!E*SBL;fco zhxr^yrt-n 

* 1 0" 8 T o r r fc#«L;fc»86l«ffifcjE©«E* 

[0123] ^©*sm, fiioo valine 
jwesis na ua, 200V mm<DmmMm.\ti}- 
tfy+s?zL-7*mc6m~$-&rcmt)mi,x 1 ofg 

[0124] cn«#-#y^/^a-7tf«®c-r-# 
[0125] mm 4 

Met i pS*-*yt/fa-^f/Wx©«^ 

[0 12 6] $-rSf*T'^5®g{aS i 9iA-it8 

7 (a) ©±^{c^yxh7 1 (^xhaa az> 

«rXlf-f-lc<fcf3 0. 5-l-(tm<0SSTl$U 
**ffl^TUV«KLft«, «)taiJ«'*#B?S«4k:J:D 
fMLTl'> ? Xh±0. l~l)jm (t7$^PV) (?) 
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x-yfy^fffiSF, ^5Pa, RFM7 

1 5 ow, $asf$R8 i ftT'M>?fco 
[0127] com&z&mnumwmwicmm 
tx uvx hmmmRV s i c d - 

N i (ffidUt 1 : 1 ) * 1 n mOJ?«lcia«bfco 

P5>* h « U 7 h *7 Lfc^ Jlffi* 5 0 0 °CT? 
7--;l/LT C o — N i WKJ&SRSBfc^^Tieatt^ft 10 

uth 7 ( c ) (Dmmmwm- izthtz. 

[0 12 8] C©gtt*H4fc^rEfSg»Pfc 
IHU S-f^'X^AW4 5 2 0 sec 

m*ALraSS»rt©ff**5 0 0 P alcLfco 

T#*Hi5^*jWtri/T«*iaK*7oox:ic:u s 

0 s c c miA l,TEJS®8l*J©E2J* 3 0 0 0 P a tc 
*SWclRt>tHl,fco 20 

[0129] mznrcmfavmmzf e-s emict« 

«tfei:C5x 07 (d) fc^«fc$fcft7 2F«J<DttjK 
SOS? 2 3g0#fr5£-tfy^/^a-72 4tf$fi 
LTfctK a-70lg8»nm~ft 1 

0 n mT&ofco 

[0 13 0] f&nfcA-#>t/fa-^f/WX^ 

rattsmr sfcatsK* stm, a f Mwmmmvm 

zzmimmimbtitirco 30 
[0131] <mttwa»cHsnfc*-#>-f/^a- 

(cc-ettffigKs i) fc+sHtscwfcStesnrfc 

[0132] mmms 

[0 13 3] S1*ffigMfeL<fi|i&!t14©«ft8 0±tC 

*@8 k 8 2^rR{it> mms nmmLxmn^ 

"rSBS2 2©T;l/5^K*^H8 (b) ©fcfeO^fiR? 40 

S2 2±ttt*6»tt3-hSl8 3^»**&nTV^S. £ 
Tt5»>, <fcoTII1i8 1 £tt«8 2ffltttt&8 1 -mm 50 



WBPF 11-19 4 13 4 
26 

2 4 -tfiiHUi 8 7 -IM 8 2 Oje^gfR* tlX 
[0 13 5] ±C<D«i8%WrSr/WX*«ffif!f^l / 

fe»k:*ft'\y'>A*k:»AbT4Ks-e»aiu mm 
mmmwtmfflznrco zw&mm4>?'*4xtfi 2 

[0 13 6] ¥ffifc£BMifc«^i^?*ittf&fifc 
[0137] c©«t3k:a»<o««®l»a[?*S«i*-ft 

[0 13 8] $ fc a.- 7*«ffifcLTj£ 

-zrz&fcLrcmc^-xhim^mfokicifzz^x 
temzmmtzmmmtimztix^Zo 

[0 13 9] «?|©3i)^Vtyfa-7W7 

Hast j f- a -7 *^iiRitifc^-a-t t 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve directivity of a carbon nano tube and to obtain 
a device with large amount of electron emission, by surrounding a connection part onto 
the conductive surface of the carbon nano tube. 

SOLUTION: A layer 21 for constituting the conductive surface of a substrate 20 is 
formed on the substrate 20, a carbon nano tube 24 is connected to the surface of the 
layer 21 for constituting the conductive surface via a catalyst ultra fine particle 23, and 
a connection part to the conductive surface of the carbon nano tube 24 is surrounded by 
a barrier. In this case, at the junction between the carbon nano tube 24 and the 
conductive surface, ohmic junction, Schottky junction, or the like that are fully joined 
electrically exist and junction characteristics change due to the composition and 
manufacturing conditions of the layer 21 for constituting the catalyst or the conductive 
surface, thus obtaining an improved device that is electrically joined to an electrode and 
where the carbon nano tube is mutually isolated and also obtaining an electron 
emission device with improved electron emission characteristics. 
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CLAIMS 



[Claim(s)] 

[Claim l] The carbon nanotube device which is a carbon nanotube device equipped with 
the carbon nanotube which the end has combined so that it can flow on the base and 
this conductive front face which have a conductive front face, and is characterized by 
surrounding the bond part to the conductive front face of this carbon nanotube with the 
obstruction. 

[Claim 2] The carbon nanotube device according to claim 1 which this carbon nanotube 
is a carbon nanotube which grew up to be a catalyst particle front face, and this catalyst 
particle has combined with this conductive front face possible [ a flow ]. 
[Claim 3] It is the carbon nanotube device according to claim 2 with which it has ****** 
between this catalyst particle and this conductive front face, and the tunnel junction of 
this carbon nanotube and this conductive front face is carried out. 

[Claim 4] It is the carbon nanotube device according to claim 2 which it has ****** 
between this catalyst particle and this conductive front face, and this ****** has the 
pass of the shape of a pons which connects this conductive front face and this catalyst 
particle, and contains the ingredient with which this pass constitutes a conductive front 
face. 

[Claim 5] The carbon nanotube device according to claim 2 these whose catalyst 
particles are the metal particles formed in this conductive front face by the alternating 
current electrodeposition process. 

[Claim 6] The carbon nanotube device according to claim 2 with which this catalyst 
particle contains at least one chosen from cobalt, nickel, and iron. 

[Claim 7] A carbon nanotube device given in one term of claims 2, 5, and 6 whose 
particle diameter of this catalyst particle is l-100nm. 

[Claim 8] The carbon nanotube device according to claim 7 whose particle diameter of 
this catalyst particle is 2-50nm. 

[Claim 9] The carbon nanotube device according to claim 1 with which this obstruction 
contains an alumina. 

[Claim 10] The carbon nanotube device according to claim 9 this whose obstruction is 
the anodized film of the aluminum film formed in this conductive front face. 



[Claim 11] The carbon nanotube device according to claim 1 which consists of layers in 
which this conductive front face contains at least one chosen from the titanium and the 
zirconium which are supported by this base, niobium, a tantalum, molybdenum, copper, 
and zinc. 

[Claim 12] The carbon nanotube device according to claim 11 which consists of layers in 
which this conductive front face contains the niobium currently supported by this base. 
[Claim 13] The carbon nanotube device according to claim 1 with which this obstruction 
contains silicon. 

[Claim 14] The carbon nanotube device according to claim 1 with which this obstruction 
consists of the same ingredient as the ingredient which constitutes this conductive front 
face. 

[Claim 15] The titanium with which this conductive front face is supported by this base, 
a zirconium, niobium, It consists of layers containing at least one element chosen from a 
tantalum and molybdenum. This obstruction consists of an anodized film of aluminum, 
and this carbon nanotube is combined with this conductive front face through the 
catalyst particle and the insulating layer. It is the carbon nanotube device according to 
claim 1 which this insulating layer has the pass of the shape of a pons which connects 
this conductive front face and this catalyst particle, and contains at least one element 
with which this pass is chosen from titanium, a zirconium, niobium, a tantalum, and 
molybdenum. 

[Claim 16] It is the carbon nanotube device according to claim 1 with which it has these 
two or more carbon nanotubes, and the bonding site to this conductive front face of each 
carbon nanotube is mutually isolated by this barrier layer. 

[Claim 17] It has the carbon nanotube which the end has combined so that it can flow on 
the base and this conductive front face which have a conductive front face. It is the 
manufacture approach of a carbon nanotube device that the perimeter of the bond part 
to this conductive front face of this carbon nanotube is surrounded with the obstruction. 
The process which forms the carbon nanotube formation field mutually isolated with 
two or more obstructions in this conductive front face of the base which has a conductive 
front face, And the manufacture approach of the carbon nanotube device characterized 
by having the process which forms a carbon nanotube in this carbon nanotube formation 
field. 

[Claim 18] The manufacture approach of a carbon nanotube device according to claim 17 
of having the process at which the process which forms this carbon nanotube formation 
field forms a catalyst particle in this conductive front face, and having the process into 
which the process which forms a carbon nanotube in this carbon nanotube formation 



field grows up a carbon nanotube from this catalyst particle front face. 
[Claim 19] Are the base with which the base which has this conductive front face 
consists of low resistance silicon, and the process which forms a catalyst particle in the 
field surrounded with this obstruction The process which forms in the front face of this 
low resistance silicon base the pore surrounded by anodization with this low resistance 
silicon, The manufacture approach of a carbon nanotube device according to claim 18 of 
having the process which is made condensing the layer which consists of an ingredient 
of the process which forms in this base front face the layer which consists of an 
ingredient of this catalyst particle, and this catalyst particle by annealing, and forms 
this catalyst particle into pore. 

[Claim 20] Are the base with which the base which has this conductive front face 
consists of low resistance silicon, and the process which forms a catalyst particle in the 
field surrounded with this obstruction The process which covers alternatively the front 
face of this low resistance silicon base with a photoresist, The process which forms the 
pore which etched this low resistance silicon base front face that is not covered with a 
photoresist, and was surrounded with low resistance silicon, The layer which consists of 
an ingredient of this catalyst particle is formed in this photoresist front face and this 
pore front face. Subsequently, the manufacture approach of a carbon nanotube device 
according to claim 18 of having the process which removes this photoresist, is made 
condensing the layer which consists of an ingredient of this catalyst succeedingly by 
annealing, and forms this catalyst particle into this pore. 

[Claim 21] The manufacture approach of a carbon nanotube device according to claim 18 
of having the process which forms a catalyst particle in the process and this pore pars 
basilaris ossis occipitalis at which the process which forms a catalyst particle in the 
field which consisted of conductor layers in which this conductive front face contains at 
least one chosen from the titanium currently supported by this base, a zirconium, 
niobium, a tantalum, molybdenum, copper, and zinc, and was surrounded with this 
obstruction forms in this conductor layer front face the oxide film on anode which has 
pore. 

[Claim 22] The manufacture approach of a carbon nanotube device according to claim 21 
of having the process at which the process which forms in this conductor layer front face 
the oxide film on anode which has pore anodizes the process and this aluminum film 
which form the aluminum film in this conductor layer front face. 

[Claim 23] The manufacture approach of a carbon nanotube device according to claim 22 
of having the process which stops anodic oxidation of this aluminum film when the 
process which anodizes this aluminum film detects change of the anodic oxidation 



current which shows that anodic oxidation arrived at the conductive front face. 
[Claim 24] The titanium with which this conductive front face is supported by this base, 
a zirconium, niobium, It consists of conductor layers containing at least one chosen from 
a tantalum and molybdenum. Moreover, the process at which the process which forms a 
catalyst particle in the field surrounded with this obstruction forms the aluminum film 
in this conductor layer front face, It has the process which forms a catalyst particle in 
the process and this pore pars basilaris ossis occipitalis which form the alumina film 
which anodizes this aluminum film and has pore. And the process which forms the 
alumina film which anodizes this aluminum film and has pore Anodic oxidation is 
continued also after detecting change of the anodic oxidation current which shows that 
anodic oxidation arrived at the conductive front face. The manufacture approach of a 
carbon nanotube device including the process which forms the pass containing at least 
one chosen from the titanium which connects this pore and this conductive front face 
into the alumina layer between this pore and this conductive front face, a zirconium, 
niobium, a tantalum, and molybdenum according to claim 18. 

[Claim 25] The manufacture approach of a carbon nanotube device including the process 
which heats the base with which this pass was formed between the process which forms 
the alumina film which anodizes this aluminum film and has pore, and the process 
which forms a catalyst particle in this pore pars basilaris ossis occipitalis under 
hydrogen gas, inert gas or hydrogen gas, and the ambient atmosphere of inert gas 
according to claim 24. 

[Claim 26] The manufacture approach of a carbon nanotube device according to claim 25 
of performing this heating at 200*1100 degrees C for 5 to 60 minutes. 
[Claim 27] The manufacture approach of a carbon nanotube device according to claim 18 
of depositing a catalyst particle with an alternating current electrodeposition process in 
this pore. 

[Claim 28] The manufacture approach of a carbon nanotube device given in claim 18 in 
which this catalyst particle contains at least one element chosen from Co, Fe, and nickel 
thru/or one term of 21. 

[Claim 29] The manufacture approach of a carbon nanotube device given in one term of 
claims 18, 27, and 28 whose particle diameter of this catalyst particle is l-100nm. 
[Claim 30] The manufacture approach of a carbon nanotube device according to claim 29 
that the particle diameter of this catalyst particle is 2*50nm. 

[Claim 31] The manufacture approach of the carbon nanotube device according to claim 
17 which includes the process which heats this base at 400-800 degrees C within the 
container whose pressure in which the process into which a carbon nanotube is grown 



up contains material gas and hydrogen gas for the conductive silicon base or the 
insulating silicon base which has a catalyst particle alternatively on a front face is 
500-3000Pa. 

[Claim 32] The manufacture approach of a carbon nanotube device according to claim 31 
that this material gas is at least one chosen from methane, ethylene, acetylene, a carbon 
monoxide, and benzene. 

[Claim 33] The manufacture approach of a carbon nanotube device according to claim 32 
that this material gas is at least one chosen from ethylene, acetylene, and a carbon 
monoxide. 

[Claim 34] The electron-emission component characterized by to have the carbon 
nanotube which the end has combined so that it may flow on this conductive front face 
on the field which is equipped with a means impress potential between the electrode in 
the location which counters this conductive front face of a base and this base that has a 
conductive front face, and this conductive front face and this electrode, and counters 
this electrode of this conductive base, and to be surrounded with an obstruction the 
perimeter of the bond part to this conductive front face of this carbon nanotube. 
[Claim 35] The electron emission component according to claim 34 which this carbon 
nanotube is a carbon nanotube which grew up to be a catalyst particle front face, and 
this catalyst particle has combined with this conductive front face possible [ a flow ]. 
[Claim 36] It is the electron emission component according to claim 35 to which it has 
an insulating layer between this catalyst particle and this conductive front face, and the 
tunnel junction of this carbon nanotube and this conductive front face is carried out. 
[Claim 37] It is the electron emission component according to claim 35 which it has an 
insulating layer between this catalyst particle and this conductive front face, and this 
insulating layer has the pass of the shape of a pons which connects this conductive front 
face and this catalyst particle, and contains the ingredient with which this pass 
constitutes a conductive front face. 

[Claim 38] The electron emission component according to claim 35 these whose catalyst 
particles are the metal particles formed in this conductive front face by the alternating 
current electrodeposition process. 

[Claim 39] The electron emission component according to claim 35 in which this catalyst 
particle contains at least one chosen from cobalt, nickel, and iron. 

[Claim 40] An electron emission component given in one term of claims 35, 38, and 39 
whose particle diameter of this catalyst particle is l-100nm. 

[Claim 41] The electron emission component according to claim 40 whose particle 
diameter of this catalyst particle is 2"50nm. 



[Claim 42] The electron emission component according to claim 34 in which this 
obstruction contains an alumina. 

[Claim 43] The electron emission component according to claim 42 which is the oxide 
film on anode of the aluminum film which this obstruction formed in this conductive 
front face. 

[Claim 44] The electron emission component according to claim 34 which consists of 
layers in which this conductive front face contains at least one chosen from the titanium 
currently supported by this base, a zirconium, niobium, a tantalum, molybdenum, 
copper, and zinc. 

[Claim 45] The electron emission component according to claim 44 which consists of 
layers in which this conductive front face contains the niobium currently supported by 
this base. 

[Claim 46] The electron emission component according to claim 34 in which this 
obstruction contains silicon. 

[Claim 47] The electron emission component according to claim 34 which this 
obstruction becomes from the same ingredient as the ingredient which constitutes this 
conductive front face. 

[Claim 48] The titanium with which this conductive front face is supported by this base, 
a zirconium, niobium, It consists of layers containing at least one element chosen from a 
tantalum and molybdenum. This obstruction consists of an anodized film of aluminum, 
and this carbon nanotube is combined with this conductive front face through the 
catalyst particle and the insulating layer. It is the electron emission component 
according to claim 34 which this insulating layer has the pass of the shape of a pons 
which connects this conductive front face and this catalyst particle, and contains at 
least one element with which this pass is chosen from titanium, a zirconium, niobium, a 
tantalum, and molybdenum. 

[Claim 49] It is the electron emission component according to claim 34 from which it has 
these two or more carbon nanotubes, and the binding site to this conductive front face of 
each carbon nanotube is mutually isolated by this barrier layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the carbon nanotube device using a 
carbon nanotube, and its manufacture approach. Specifically, it is related with the 
carbon nanotube device which can be used as a functional device available as functional 
devices, such as the quantum effectiveness device, an electron device, a micro machine 
device, and a biotechnology device, the electron source and STM (scanning tunneling 
microscope) probe which used the acute nature of a carbon nanotube further, and an 
AFM (atomic force microscope) probe, and its manufacture approach. 
[0002] Moreover, this invention relates to the electron ray emission component used for 
a display, a cathode -ray tube, an emitter, a lamp, an electron gun, etc. 
[0003] 

[Description of the Prior Art] Although fibrous carbon is generally called the carbon 
fiber, as for the carbon fiber used as a structural material of a size with a diameter of 
several micrometers or more, many kinds of processes have been studied from the 
former. By current, the process produced from the raw material of a PAN 
(polyacrylonitrile) system or a pitch system occupies the mainstream in it. 
[0004] About the raw material which carried out spinning from PAN fiber, the isotropic 
pitch, and the mesophase pitch, it fire-resistance-izes, and carbonizes at 800-1400 
degrees C, and the outlines of this process are non-deliquesce and the approach of 
carrying out high temperature processing at 1500*3000 degrees C. In this way, the 
obtained carbon fiber is excellent in mechanical properties, such as reinforcement and 
an elastic modulus, and since it is a **** light weight, it is used for sporting goods, a 
heat insulator, the structure material of aerospace relation or automobile relation, etc. 
also as a composite material. 

[0005] Apart from this, the carbon nanotube discovered in recent years is the ingredient 
of the shape of a tube of the size below a diameter lmum, as an ideal thing, the field of a 
carbon 6 angle mesh may become parallel to the shaft of a tube, tubing may be formed, 
and this tubing may become multiplex further. The thing metallic or like a 
semi-conductor is theoretically expected by how to connect 6 angle mesh made with 
carbon, and the size of a tube, and this carbon nanotube is expected as a future 
functional material. 

[0006] Although it is general to use an arc discharge method for composition of a carbon 
nanotube, a laser evaporation method, a thermal decomposition method, plasma use, 
etc. have been studied in recent years. It outlines about the carbon nanotube developed 
here in recent years. 

[0007] (Carbon nanotube) Although the ingredient below lmum with a diameter thinner 
than a carbon fiber is called a common-name carbon nanotube and the carbon fiber is 



distinguished, there is especially no clear boundary. In a narrow sense, the ingredient 
with the field of 6 angle mesh of carbon almost parallel to a shaft is included in the 
carbon nanotube, also when amorphous carbon exists in the perimeter of a carbon 
nanotube, and a call and a carbon nanotube. 

[0008] Generally, a carbon nanotube in a narrow sense is classified further, as for the 
thing of the structure of one sheet, the tube of 6 angle mesh is called a single Wall 
nanotube (it is called SWNT for short), and what, on the other hand, consists of tubes of 
multilayer 6 angle mesh is called the multi-wall nanotube (it is called MWNT for short). 
Of what kind of structure a carbon nanotube is obtained has not yet performed 
generating only the carbon nanotube of the same structure, although determined to 
some extent by a synthetic approach and conditions. 

[0009] When the structure of these carbon nanotubes is summarized simply, it comes to 
be shown in drawing 1 . The chart on the left is a type section Fig. showing the cross 
section of a carbon nanotube or a carbon fiber among drawing 1 (a) - (d), and right-hand 
side drawing is a type section Fig. showing the longitudinal section. 11 show a carbon 
fiber among drawing and 12a- 12c show a carbon nanotube. 

[00 10] The path of the carbon fiber was large, and it was parallel to the shaft, and had 
the configuration as shown in drawing 1 (a) from which the cylinder-like network 
structure has not developed, and although it is parallel to a shaft and the **** tube-like 
network structure is near the core of a tube like [ in the vapor phase cracking using a 
catalyst ] drawing 1 (b), the carbon of structure confused to the perimeter has adhered 
mostly in many cases. 

[0011] By the arc discharge method, as shown in drawing 1 (c), it is parallel to a shaft, 
the **** tube-like network structure develops into it, and the coating weight of the 
carbon of the shape of amorphous [ surrounding ] also takes the lead on it to little 
MWNT. Moreover, in an arc discharge method or a laser evaporation method, the 
tube-like network structure which is not multiplex like drawing 1 (d) progresses, and 
the so-called SWNT is easy to be obtained. 

[0012] Current [ three kinds of] are mainly used as a process of the above-mentioned 
carbon nanotube. It is the approach similar to vapor growth, arc discharge method, and 
laser evaporation method in a carbon fiber. Moreover, the plasma synthesis method and 
the solid reaction method are known besides these the above-mentioned three kinds. 
[0013] Here, it explains briefly [ below ] about three typical kinds. 

(1) The thermal decomposition method this gentleman method using a catalyst is 
almost the same as carbon fiber vapor growth. Such a process is International by 
C.E.SNYDER and others. It is indicated by WO 89/07163 (International Publication 



Number) of Patent. Although ethylene and a propane are introduced with hydrogen into 
a reaction container and an ultra-fine particle is introduced into coincidence, it is 
indicated that the raw material which contains oxygen, such as unsaturated 
hydrocarbon, such as saturated hydrocarbon, such as methane, ethane, a propane, 
butane, a hexane, and a cyclohexane, ethylene, a propylene, benzene, and toluene, an 
acetone, a methanol, and a carbon monoxide, besides this is sufficient as material gas. 
[0014] Moreover, as for the ratio of material gas and hydrogen, 1:20-20:1 are good, and 
the method of Fe, Fe, and the mixture of Mo, Cr, Ce, and Mn being recommended, and 
making it, as for a catalyst, adhere on a fumed (fumed) alumina is also advocated. In 
550-850 degrees C, 200sccm extent has [ the flow rate of gas ] desirable material gas 
with which hydrogen contains 100sccm(s) and carbon per diameter of 1 inch, a reaction 
container introduces a particle, and a carbon tube grows in 30 minutes - about 1 hour. 
[0015] In this way, the diameter of the configuration of the carbon tube obtained is 
about 3.5-75nm, and die length reaches by 5 to 1000 times the diameter. The network 
structure of carbon becomes parallel to the shaft of a tube, and there is little adhesion of 
the pyrolysis carbon of a tube outside. 

[0016] Moreover, therefore, it is reported to H.Dai and others (260 "Chemical Physics 
Letters" 1996p 471-475) that SWNT will be generated if Mo is used as a catalyst 
nucleus, and it makes carbon monoxide gas into material gas and is made to react at 
1200 degrees C, although generation effectiveness is not good. 

[0017] (2) An arc discharge method arc discharge method is first found out by Iijima, 
and is indicated by Nature (354 Vol. 199 Ip 56*58) for details. An arc discharge method is 
a simple method of performing DC arc discharge using a carbon rod electrode in the 
ambient atmosphere of argon lOOTorr. A carbon nanotube grows up to be a part of front 
face of a negative electrode with a 5*20nm carbon particle. This carbon tube is the layer 
structure with which the carbon mesh of die length of about 1 micrometers and the 
shape of a 2-50-micrometer tube lapped for the diameter of 4*30nm, and the network 
structure of that carbon is spirally formed in the shaft in parallel. 

[0018] A spiral pitch is in agreement for every layer in every tube and a tube, and the 
distance between layers in the case of a **** intermediary cage and a multilayer tube is 
mostly in agreement with the distance between layers of 0.34nm and graphite, point ** 
of a tube - it has already closed in the network of** RIKABON. 

[0019] Moreover, T.W.Ebbesen and others has indicated the conditions which generate a 
carbon nanotube in large quantities by the arc discharge method to "Nature" (358 Vol. 
1992p 220-222). The diameter of 9mm is used for cathode and a carbon rod with a 
diameter of 6mm is used for an anode plate, it installs so that it may lmm-detach and 



may counter in a chamber, and the arc discharge of about 18V and 100A is generated in 
the ambient atmosphere of about 500 helium Torr(s). 

[0020] If it is 500 or less Torrs, there will be few rates of a carbon nanotube and the 
whole amount of generation will decrease by at least 500 or more Torrs. The rate of the 
carbon nanotube in a product reaches to 75% in case of 500Torr(s) of optimum 
conditions. Even if it changed injection power or used the ambient atmosphere as the 
argon, the rate of collection of a carbon nanotube fell. Moreover, many nanotubes near 
the core of the generated carbon rod exist. 

[0021] (3) The laser evaporation method laser evaporation method was reported to 
"Chemical PhysicsLetters" (243, 1995, p49-54) by T.Guo and others, and A.Thess and 
others has reported generation of fornrof-a-rope SWNT by the laser evaporation method 
to "Science" (273 vol. 1996p 483-487) further. The outline of this approach is as follows. 
[0022] First, after installing the carbon rod which distributed Co and nickel into a 
quartz tube and filling Ar 500 Torrs in a quartz tube, the whole is heated at about 1200 
degrees C. And NdYAG laser is condensed from the edge of the upstream of a quartz 
tube, and heating evaporation of the carbon rod is carried out. If it does so, a carbon 
nanotube will accumulate on the downstream of a quartz tube. This approach is 
promising as an approach of producing SWNT alternatively, and SWNT(s) gather and it 
has the descriptions - it is easy to become lobe-like. 

[0023] Next, the conventional technique is explained about application of a carbon 
nanotube. 

(Application of a carbon nanotube) Although the application product of a carbon 
nanotube has not come out at present, the research activities towards 
applicationization are active. A typical example is explained briefly [ below ] in it. 
[0024] (l) Its tip is acute, and since an electron source carbon nanotube has electrical 
conductivity, there are many examples of research as an electron source. W.A. deHeer 
and others was "Science" (Vol. 270, 1995, pll79), he refined the carbon nanotube 
obtained by the arc discharge method, stood it on the substrate through the filter, and 
was taken as the electron source. It is lcm2 although the electron source serves as an 
ensemble of a carbon nanotube in this report. It is indicated that the emission current 
100mA or more was stabilized by impression of the electrical potential difference of 
700V, and it was obtained from area. 

[0025] moreover, the place which A.G.Rinzler and others attached in the electrode one of 
the carbon nanotube obtained by the arc discharge method by "Science" (Vol. 269, 1995, 
pl550), and evaluated the property - about 75 - about [ from the carbon nanotube 
which the tip closed by electrical-potential-difference impression of V ] - it is indicated 



that the emission current of about O.SmicroA was acquired from the carbon nanotube 
which InA and a tip opened. 

[0026] (2) STM, AFMH.Dai and others have reported the application to STM of a carbon 
nanotube, and AFM in "Nature" (384, 1996, pl47). The carbon nanotube was produced 
by the arc discharge method, and the amount of point has become SWNT with a 
diameter of about 5nm. A chip (tip) is thin, since it is pliant, it can observe also at the 
bottom of the clearance part of a sample, and it is said that an ideal chip (tip) without 
chip crash (tip crash) at a tip is obtained. 

[0027] (3) It has reported that a several times as many hydrogen content child as this 
can store hydrogen storage ingredient A.C.Dillon and others as compared with the 
carbon generated from the raw material of a pitch system by using SWNT to "Nature" 
(386 Vol. 1997p 377*379). Although the examination to application has still started just, 
it is expected as hydrogen storage ingredients, such as a hydrogen fueled car, in the 
future. 

[0028] A size and the direction of the carbon nanotube obtained in the configuration and 
process of a carbon nanotube of the conventional technique are quite random, and the 
electrode is not joined to a carbon nanotube immediately after growth. That is, a carbon 
nanotube must be collected and refined after composition on the occasion of use, and it 
must form in a specific configuration according to the gestalt used further. 
[0029] For example, when it is going to use as an electron source, A.G.Rinzler and 
others takes out one of a carbon fiber as shown in "Science" (Vol. 269, 1995, pi 550*1553), 
and pasting an electrode needs one of the two. 

[0030] Moreover, Walt A.de As shown in "Science" (Vol. 270, 1995, pll79- 1180) and 
"Science" (268 Vol. 1995p 845 -847), after Heer and others refines the carbon nanotube 
produced by arc discharge, the process which makes a carbon nanotube stand on a 
substrate using a ceramic filter needs him. In this case, the carbon nanotube is not 
positively joined to an electrode. Moreover, the carbon nanotube to be used was not the 
device which is easy to become entangled mutually intricately and can discover the 
property of each carbon nanotube enough. 
[0031] 

[Problem(s) to be Solved by the Invention] This invention is made in view of such a 
problem, the directivity of a carbon nanotube is high, and a metaphor is aimed at 
offering a carbon nanotube device with many amounts of electron emission when it uses 
as an electron emission component. Moreover, a carbon nanotube joins together so that 
it can flow on a conductive front face, and this invention sets it as other purposes to offer 
the manufacture approach of a carbon nanotube device with the high directivity of a 



****** carbon nanotube. Furthermore, this invention aims at offering a highly efficient 

electron emission component with many amounts of electron emission. 

[0032] 

[Means for Solving the Problem] And the carbon nanotube devices of this invention 
which can attain this purpose are the base which has a conductive front face, and a 
carbon nanotube device equipped with the carbon nanotube which the end has 
combined so that it can flow on this conductive front face, and are characterized by 
surrounding the bond part to the conductive front face of this carbon nanotube with the 
obstruction. 

[0033] It is desirable to form this obstruction in the layer containing an alumina or 
silicon, when attaining densification of the carbon nanotube combined with the 
conductive front face. Moreover, the obstruction containing an alumina is acquired by 
anodizing this aluminum, after forming an aluminum thin film for example, on this 
conductive front face. And it is desirable to make it consist of layers which contain at 
least one element chosen from titanium, a zirconium, niobium, a tantalum, 
molybdenum, copper, and zinc in this conductive front face, especially niobium at this 
time. Because, it is because it is not necessary to protect this conductive front face 
beforehand also at the time of anodic oxidation of an aluminum thin film. 
[0034] Moreover, the manufacture approach of a carbon nanotube device that the 
above-mentioned purpose can be attained It has the base which has a conductive front 
face, and the carbon nanotube which the end has combined so that it can flow on this 
conductive front face. The perimeter of the bond part to this conductive front face of this 
carbon nanotube is the manufacture approach of the carbon nanotube device 
surrounded with the obstruction. It is characterized by having the process which forms 
the carbon nanotube formation field mutually isolated with two or more obstructions in 
this conductive front face of the base which has a conductive front face, and the process 
which forms a carbon nanotube in this carbon nanotube formation field. 
[0035] Furthermore, the electron emission component which can attain the 
above-mentioned purpose The electrode in the location which counters this conductive 
front face of a base and this base that has a conductive front face, And it has the carbon 
nanotube which the end has combined so that it can flow on this conductive front face on 
the field which is equipped with a means to impress potential between this conductive 
front face and this electrode, and counters this electrode of this conductive base. It is 
characterized by surrounding the perimeter of the bond part to this conductive front 
face of this carbon nanotube with the obstruction. 

[0036] And according to such this invention, the directivity of this carbon nanotube at 



the time of forming a carbon nanotube on a conductive base is controlled by the 
obstruction, and the thing of it can be carried out with it. The electron emission 
component which was excellent in the electron emission characteristic as the result, and 
an image are good, and the carbon nanotube device used suitable for probes with 
reinforcement, such as STM and AFM, etc. can be obtained. 

[0037] Moreover, when this obstruction is used as the layer containing an alumina or 
silicon, two or more carbon nanotubes combine with a conductive layer front face, and 
the carbon nanotube device of a configuration of that the bond part of each carbon 
nanotube was mutually isolated with this obstruction can be formed efficiently. Since 
such a device equips high density with the isolated carbon nanotube to which directivity 
was equal, it becomes what was suitable with the application to probes, such as an 
electron emission component, STM, and AFM, etc. 

[0038] Furthermore, when it is made for this conductive front face to consist of layers 
containing at least one chosen from the titanium and the zirconium which are 
supported by this base, niobium, a tantalum, molybdenum, copper, and zinc, the carbon 
nanotube concerning this invention can be formed easily. That is, although the alumina 
thin film which has pore by this anodic oxidation is formed when forming this barrier 
layer by anodic oxidation of an aluminum thin film, the carbon nanotube which this 
conductive front face is not harmed and combined the pars basilaris ossis occipitalis of 
this pore with this conductive front face possible [ a flow ] as the result even if it 
anodized so that it might become this electrode surface can be formed easily. 
[0039] In addition, in above-mentioned various this inventions, not only the mode that 
the carbon nanotube couples directly with the conductive front face as the end of a 
carbon nanotube has combined with the conductive front face of a base possible [ a flow ] 
but the mode in which the carbon nanotube is combined with the conductive front face 
by the tunnel effect possible [ a flow ] through the insulating layer and the mode by 
which the carbon nanotube is combined with the conductive front face possible [ a flow ] 
through the insulating layer including the pass containing the element which 
constitutes a conductive front face are included. 
[0040] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
[0041] each operative condition of the carbon nanotube device which drawing 2 (a) - (d) 
and drawing 3 (a) - (d) requires for each this invention - it is an outline sectional view 
[ like ]. In addition, in this invention, a carbon nanotube is the structure which equipped 
at least the part with the structure of the shape of a cylinder which consists of an 
ingredient which uses carbon as a principal component, and points out especially the 



structure whose diameter of a cylinder part is below lmum. 

[0042] In drawing 2 and drawing 3 , the layer from which 20 constitutes a base and 21 
constitutes the conductive front face of a base 20, the carbon nanotube with which 24 is 
combined with this conductive front face possible [ a flow ], the catalyst ultrafine 
particle which 23 has between this carbon nanotube and this conductive front face, and 
22 are obstructions which enclose the perimeter of the bond part (root) to the conductive 
front face 21 of a carbon nanotube 24. 

[0043] The layer 21 which constitutes the conductive front face of this base is formed on 
a base 20, through the catalyst ultrafine particle 23 in the front face of the layer 21 
which constitutes this conductive front face, the carbon nanotube 24 is combined and a 
part for the bond part to the conductive front face of a carbon nanotube 24 is surrounded 
for drawing 2 (a) with the obstruction 22. 

[0044] Base 20 self was equipped with the conductive front face, the carbon nanotube 
has combined drawing 2 (b) with this conductive front face through the catalyst 
ultrafine particle 23, and a part for the bond part to the conductive front face of a carbon 
nanotube 24 is surrounded with the obstruction 22. 

[0045] Moreover, drawing 2 (c) is a mode which consists of semi-conductor obstructions 
25 with which an obstruction 22 and the layer 21 which constitutes a conductive front 
face consist of a semi-conductor, and drawing 2 (d) is a mode which consists of 
semi-conductor obstructions 25 with which the base 20 which has a conductive front 
face, and **** 22 consist of a semi-conductor. 

[0046] In the above-mentioned example, the junction between a carbon nanotube and a 
conductive front face has the Schottky barrier etc. from the ohmic junction which has 
taken junction enough electrically, and a junction property changes with the 
presentation and production conditions of a layer which constitute a catalyst and a 
conductive front face. 

[0047] A carbon nanotube is joined to a conductive front face by the tunnel junction 
possible [ a flow ], and drawing 3 has shown the example by which this joint is enclosed 
with the obstruction 22. 35 are ****** among drawing 3 . 

[0048] Drawing 3 (a) has ****** 35, such as a scaling layer, on the layer 21 which 
constitutes the conductive front face of a base, the catalyst ultrafine particle 23 is on it, 
and the example the carbon nanotube has grown to be from the catalyst ultrafine 
particle 23 is shown. Drawing 3 (b) is an example currently formed also in the side face 
of an obstruction in which an insulating layer 35 encloses a carbon nanotube bond part. 
The front face of a layer 21 where drawing 3 (c) constitutes a conductive front face is 
unreserved. It is the case where the insulating layer 35 is formed only in a part for the 



bond part of a carbon nanotube 24, and drawing 3 (d) is an example by which a base 20, 
a layer 21 which constitutes a conductive front face, and a semi-conductor obstruction 
25 with which an obstruction 22 consists of a semi-conductor are consisted of, and the 
insulating layer 35 is formed in the front face. 

[0049] Although the tunnel junction mold is shown altogether and it depends for the 
thickness of the optimal insulating layer on driver voltage, and a presentation and 
structure of an insulating layer in these examples, 1-lOnm is specifically the desirable 
range Factice nm - lOnm of numbers about. Silicon oxide, titanium oxide, an alumina, 
etc. are mentioned as a presentation of an insulating layer. And an insulating layer is 
****** in oxidizing a conductive front face, before forming an obstruction 22 in a 
conductive front face, if it is the configuration of drawing 3 (a), and **. Moreover, if it is 
the configuration of drawing 3 (b) and (c), a barrier layer 22, a conductive front face, or a 
conductive front face can be formed by oxidizing after formation of an obstruction 22. 
[0050] A configuration as shows the configuration shown in this drawing 2 and drawing 
3 for example to ******, for example, drawing 9 , is also the thing of this invention 
within the limits. In drawing 9 , 91 is the insulating layer formed on the layer 21 which 
constitutes a conductive front face, and serves also as the obstruction 22 in this mode. 
And 53 is the pore formed into this insulating layer. And 93 is the pass of the shape of a 
pons which connects a conductive front face and a pore pars basilaris ossis occipitalis. 
And the catalyst ultrafine particle 23 is formed in the pars basilaris ossis occipitalis of 
such pore, and the carbon nanotube 24 is growing from the catalyst ultrafine particle 
front face perpendicularly to a base front face in accordance with the wall of pore 53. 
The conductivity between the catalyst ultrafine particle 23 formed in the pore pars 
basilaris ossis occipitalis with pass 93 and the layer 21 which constitutes a conductive 
front face is improved. 

[0051] The carbon nanotube device shown in drawing 9 is equipped with the 
configuration through which the conductive front face and the carbon nanotube are 
made to flow through pass and a catalyst ultrafine particle and by which the bond part 
to the conductive front face of the carbon nanotube was enclosed with the obstruction, 
for example, the wall of pore, and drawing 2 and drawing 3 are other embodiments of 
the carbon nanotube device concerning this invention equipped with a different 
configuration. 

[0052] As the base 20 was indicated in each above-mentioned embodiment to drawing 2 
(a) or drawing 3 (a) - (c) or drawing 9 , and 11, in forming separately the layer 21 which 
constitutes a conductive front face, unless it influences by the formation conditions of a 
carbon nanotube, and the formation conditions (for example, conditions, such as anodic 



oxidation etc.) of an obstruction 22, especially the ingredient is not limited but silicon 
etc. is specifically mentioned. 

[0053] Moreover, in the carbon nanotube device of a configuration of having indicated to 
drawing 2 (b), (c), drawing 2 (d), or drawing 3 (d), the base which consists of 
semi-conductors, such as p-type silicon and n mold silicon, for example is used suitably. 
[0054] When the insulation demanded when it device-izes, the thermal resistance at the 
time of carbon nanotube membrane formation, etc. are taken into consideration, as for 
an obstruction 22, it is desirable to consist of ingredients which make an alumina or 
silicon a subject. The ingredient which makes silicon a subject here means that at least 
one chosen from silicon, silicon oxide, carbonization silicon (SiC), etc. is included. And 
the obstruction which consists of such ingredients has the effectiveness of playing the 
role which is forming so that the bonding site to the conductive front face of a carbon 
nanotube may be surrounded, for example, guides the growth direction at the time of 
carbon nanotube growth. 

[0055] Thus, in order to produce the barrier layer which encloses the bond part to the 
conductive front face of a carbon nanotube, it can form also by the general patterning 
methods, such as a general photolithographic process and electron beam lithography. 
Moreover, the bond part to the conductive front face of each carbon nanotube of the 
conductive front face where the carbon nanotube is formed in high density is 
surrounded with an obstruction, and when obtaining the carbon nanotube device of a 
configuration (refer to drawing 5 ) as each bond part was isolated by the barrier layer, 
silicon or silicon oxide obtained by the anodization of the alumina obtained by anodic 
oxidation of aluminum (aluminum) or silicon (Si) is suitably used for an obstruction. 
[0056] The anode oxidation method of aluminum is the approach of using aluminum as 
cathode for an anode plate, Pt, etc. in the solution of oxalic acid, impressing an about 
[ 40V ] electrical potential difference, and oxidizing the front face of aluminum. By this 
approach, the pore whose diameters are several nm - lOnm of numbers on the surface of 
aluminum is obtained, and a front face oxidizes to coincidence and serves as an alumina. 
[0057] For example, after forming an aluminum thin film in a conductive front face, this 
aluminum thin film can be anodized and the carbon nanotube device concerning this 
invention can be obtained by growing up a carbon nanotube from this conductive front 
face into the pore formed in the anodized film (alumina film) of aluminum at this time. 
At this time, it is desirable to constitute from a layer containing at least one element 
chosen from titanium (TO, a zirconium (Zr), niobium (Nb), a tantalum (Ta), 
molybdenum (Mo), copper (Cu), and zinc (Zn) in a conductive front face, especially a 
layer which consists of Nb. 



[0058] That is, when a conductive front face is formed with such an ingredient, the pore 
formed in the alumina film in the case of anodic oxidation of aluminum does not 
disappear, or it does not exfoliate from a conductive front face. Moreover, it excels also in 
the thermal resistance to the elevated temperature at the time of the carbon nanotube 
membrane formation performed behind. 

[0059] Moreover, when a conductive front face is formed with such an ingredient, after 
oxidation termination of aluminum film can form the pass 93 containing the ingredient 
which constitutes the conductive front face of the shape of a pons which connects the 
pars basilaris ossis occipitalis and the conductive front face of pore 53 by continuing 
anodic oxidation into the alumina film which exists like between the pores 53 and the 
layers 21 which constitute a conductive front face shown in drawing 9 . And since it is 
raised in the conductivity between the pars basilaris ossis occipitalis of pore 53, and a 
conductive front face, when applying the carbon nanotube device concerning this 
invention to an electron emission component, especially the thing used for a conductive 
front face as the above-mentioned ingredient is desirable [ this pass 93 ]. 
[0060] Moreover, it uses platinum as cathode by using Si substrate into an anode plate 
in a fluoric acid solution, and the anodization of Si is several 1.0 mA/cm2. It is the 
approach of passing a current, and as shown in drawing 6 by this approach, two or more 
pores isolated by ** with silicon or silicon oxide can be formed in Si substrate front face. 
[0061] Conductive silicon substrates (p mold Si etc.) can be prepared as a base there, the 
pore which carried out anodization of this conductive silicon substrate surface, and was 
isolated with silicon or silicon oxide can be formed, and the carbon nanotube device 
concerning this invention can be obtained by growing up a carbon nanotube from the 
pars basilaris ossis occipitalis of this pore. 

[0062] When forming a carbon nanotube in the above-mentioned pore obtained by 
anodization of aluminum, and the anodization of Si like, it is desirable to form the 
ultrafine particle of a catalyst in a pore pars basilaris ossis occipitalis, i.e., a conductive 
front face, and to grow up a carbon nanotube into this catalyst ultrafine particle front 
face. As an example of the ingredient which can be used as a catalyst, iron (Fe), cobalt 
(Co), or nickel (nickel) is mentioned, for example. 

[0063] The range lnm - lOnm of whose particle diameter is 2-50nm especially as size of 
a catalyst ultrafine particle is desirable. The catalyst of such an ingredient and size can 
make the path of a carbon nanotube the size excellent in for example, electron emission 
effectiveness. 

[0064] As the approach to the pore of such a catalyst ultrafine particle to embed, for 
example, an alternating current electrodeposition process is used effectively. For 



example, what is necessary is just to impress the alternating current (50Hz) electrical 
potential difference before and behind 15V between this conductive front face and a 
counterelectrode in the water solution of 3 = 2% of H3 BO(s) CoS04 and 7H2 0=5%, if it 
is the case where Co ultrafine particle is produced. According to this approach, a 
catalyst ultrafine particle can be introduced also into the small pore formed, for 
example of anodic oxidation of aluminum. 

[0065] As other approaches of introducing a catalyst ultrafine particle into pore, Fe, Co, 
or nickel is vapor-deposited on the conductive front face which has pore and an 
obstruction, for example, and the method of carrying out the heat condensation of this 
vacuum evaporationo film is mentioned. 

[0066] Thus, the method of heat-treating a base as an approach of growing up a carbon 
nanotube, in the gas ambient atmosphere which added others, dilution gas, growth 
promotion gas, etc., for example is effective in the conductive front face in which it was 
surrounded with the conductive front face surrounded with the obstruction formed, or 
the obstruction, and the catalyst was prepared. [ material gas ] Many of gas which 
contains carbon as material gas is available. 

[0067] For example, the benzonitrile containing the element of the methane which 
consists only of carbon and hydrogen, ethane, a propane, butane, a pentane, a hexane, 
ethylene, acetylene, benzene, toluene, a cyclohexane, etc. and others, an acetone, ethyl 
alcohol, methyl alcohol, a carbon monoxide, etc. are mentioned. 

[0068] Although a raw material desirable in these changes a little with a presentation 
and growth temperature of the class of base, a growth nucleus, etc., or pressures, an 
impurity does not enter [ the direction of the raw material which consists of carbon, 
hydrogen, and oxygen ] easily. 

[0069] Moreover, when it thinks from the point of growth at the low temperature of a 
carbon nanotube, ethylene, acetylene, and a carbon monoxide are desirable. Although 
hydrogen is mentioned as growth or growth promotion gas, since it is dependent on 
material gas, the presentation of reaction temperature and a growth nucleus, etc., there 
may not be the effectiveness of hydrogen especially. Moreover, dilution gas is effective to 
ease the toxicity and explosivility of the case where growth is too quick, and material 
gas, and inert gas, nitrogen, etc., such as an argon and helium, are mentioned. 
[0070] Next, the manufacture approach of the carbon nanotube device concerning this 
invention shown in drawing 5 sticks like 1 operative condition, and it explains to a 
detail. 

[0071] Drawing 5 is process drawing showing the manufacture process of a vertical 
mold carbon nanotube device of having used alumina pore. First, as shown in drawing 5 



(a), aluminum film is formed, without taking out into air on Si wafer substrate, after 
forming the film which uses Ti, Zr, Nb, Ta, Mo, Cu, or Zn as a principal component. The 
serial sputtering method by the sputtering system which has two or more targets as this 
membrane formation approach, for example is mentioned. 

[0072] Next, although the front face of aluminum will oxidize at first and a current 
value will decrease as shown in drawing 10 if the electrical potential difference of 40V is 
impressed by using Pt as cathode, using a base as an anode plate, dipping a base in the 
oxalic acid solution of 0.3M, and holding it at 17 degrees C in order to anodize 
aluminum, with formation of the pore accompanying oxidation of aluminum film, a 
current value increases and becomes fixed. Then, termination of oxidation of aluminum 
film changes a current value depending on the ingredient which constitutes a 
conductive front face. For example, as a layer which constitutes a conductive front face, 
when Ti, Zr, Nb, Ta, or Mo is used, as shown in drawing 10 (a), an anodic oxidation 
current shows reduction. On the other hand, when the layer which constitutes a 
conductive front face is formed by Cu or Zn, as shown in drawing 10 (b), once an anodic 
oxidation current increases, it shows reduction. And it is possible to manufacture the 
structure for carbon nanotube devices shown for any of drawing 2 , drawing 3 , and 
drawing 9 being by selection of the ingredient which constitutes a conductive front face, 
and control of the halt stage of anodization. 

[0073] For example, a conductive front face is constituted from Ti, Zr, Nb, Ta, or Mo. 
When anodic oxidation of aluminum film formed in this conductive front face is stopped 
just before an anodic oxidation current curve falls, The aluminum layer 26 which was 
shown in drawing 5 (b) and which was formed in the conductive front face like oxidizes 
altogether in the thickness direction, and serves as an alumina. Moreover, pore 53 
cannot reach up to the conductive front face 21, but can obtain the structure in which an 
alumina exists by the thickness of about l-10nm between the pars basilaris ossis 
occipitalis of pore 53, and a conductive front face. And this structure can be used as the 
structure for the carbon nanotube devices with which the obstruction 22 and the 
insulating layer 35 consisted of same ingredients in the carbon nanotube device of 
drawing 3 (b) which a carbon nanotube and a conductive front face come to flow 
according to the tunnel effect. 

[0074] Moreover, a conductive front face is constituted from Ti, Zr, Nb, Ta, or Mo, and 
when anodic oxidation of aluminum film formed in this conductive front face is stopped 
after an anodic oxidation current curve began to fall, as shown in drawing 9 , pass 93 
can be formed between a conductive front face and the pars basilaris ossis occipitalis of 
pore 53. As a result of ingredient analysis, it turns out that the ingredient which 



constitutes a conductive front face, i.e., Ti, Zr, Nb, and Ta, Mo, and oxygen are included, 
and this pass 93 can raise the conductivity between a conductive front face and pore 
sharply by formation of this pass. Consequently, improvement in the effectiveness of 
electrodeposition of the catalyst particle to pore and conductive large improvement 
between the conductive front face when forming a carbon nanotube in pore further and 
a carbon nanotube can be aimed at. 

[0075] The phenomenon which passes aluminum part with which the elution to the 
inside of the electrolytic solution of an alumina happened at the pore pars basilaris ossis 
occipitalis in the process in which pore is formed of anodic oxidation of aluminum film 
although the reason pass is formed here is not clear, and aluminum ion was anodized by 
electric field with oxidation of aluminum at an anodic oxidation interface (interface of 
an alumina and aluminum), and is pulled out in the electrolytic solution is observed. If 
anodic oxidation is continued from this even after anodic oxidation of aluminum film is 
completed, it will be thought that the operation which is going to pull out the 
ingredients (for example, Ti, Zr, Nb, Ta, or Mo etc.) with which anodic oxidation arrives 
even at a conductive front face, and constitutes a conductive front face in the electrolytic 
solution through the alumina layer of a pore pars basilaris ossis occipitalis arises. And 
oxides, such as Ti, Zr, Nb, Ta, or Mo, are chemically stable, and in order not to dissolve 
in the electrolytic solution easily, it is thought that it remains as pass in the alumina of 
a pore pars basilaris ossis occipitalis. 

[0076] By the way, when annealing treatment is performed for the structure in which 
pass was formed under hydrogen gas, inert gas or hydrogen gas, and the ambient 
atmosphere of inert gas, it is possible to raise further the conductivity between the 
conductive front face of this structure and pore 53. Although the reason the conductivity 
between the conductive front face of this structure and pore 53 is improved more by this 
annealing treatment is not clear, it is thought that it is because pass is returned. 
[0077] And much more conductive improvement between the conductive front face of 
this structure and pore 53 is the desirable process of adopting, especially when applying 
the carbon nanotube device which is raised and is applied [ much more ] to this 
invention in the conductivity between the conductive front face after raising the 
electrodeposted effectiveness of the catalyst ultrafine particle of pore 
pars-basUaris-ossis-occipitalis HE and forming a carbon nanotube in pore, and this 
carbon nanotube to an electron emission component. In addition, as temperature of 
annealing, 200-1100 degrees C and time amount have 5 - 60 desirable minutes. 
[0078] Furthermore, a conductive front face is constituted from Cu or Zn, and when 
anodic oxidation is stopped after an anodic oxidation current began to fall, as shown in 



drawing 11 , the structure to which pore 53 arrived even at the conductive front face is 
obtained. And this structure can be used as the structure for carbon nanotubes which 
the carbon nanotube coupled directly with the conductive surface exposure as shown in 
drawing 2 (a). 

[0079] each voice described above here - in the structure which starts like, pore can also 
extend the diameter by being immersed into an about [ 5wt% ] phosphoric-acid solution 
[0080] Subsequently, a carbon nanotube device as shown in drawing 2 , drawing 3 , or 
drawing 9 is obtained by growing up a carbon nanotube device from the catalyst 
ultrafine particle front face which embedded the catalyst ultrafine particle into pore 
using the above mentioned approach, and was embedded into pore. 

[0081] Growth of a carbon nanotube can be performed using a reactor as shown in 
drawing 4 . Drawing 4 is explained here. 41 in drawing 4 is a reaction container, a base 
and 43 are infrared absorption plates and 42 is also playing a role of a base electrode 
holder. 44 is tubing which introduces material gas, such as ethylene, and it is desirable 
to be arranged so that the material gas concentration near a base may become 
homogeneity. 45 is gas installation tubing which introduces dilution gas, such as 
reaction promotion gas, such as hydrogen, and helium, and it is arranged near the 
aperture so that it may be useful also to prevention of the infrared transparency 
aperture 49 blooming cloudy with decomposition of material gas. 

[0082] 46 is exhaust air Rhine of gas and is connected to the turbo molecular pump or 
the rotary pump. 47 is an infrared lamp for substrate heating, and 48 is a condensing 
mirror for collecting infrared radiation to infrared absorption efficiently. Although 
omitted by a diagram, the thermocouple which measures the temperature of the 
vacuum gage which acts as the monitor of the pressure in a container, or a base is 
incorporated. 

[0083] You may be equipment of not only the equipment explained, of course here but 
the electric furnace mold which heats the whole from the exterior. For example, lOsccm 
installation of the ethylene is carried out from the material gas installation tubing 44, 
lOsccm installation of the hydrogen is carried out from the gas installation tubing 45 of 
growth promotion gas and dilution gas, the pressure in a container is set to lOOOPa, a 
base is made into 700 degrees C with an infrared lamp, and it is made to react to 
material gas for 60 minutes in growth of an actual carbon nanotube. 
[0084] Thus, although the path of the carbon nanotube obtained is dependent on the 
path of a catalyst ultrafine particle, or other reaction conditions, it has a diameter 
several nm - submicron, for example, and die length becomes several lOnm - 10 
micrometers of numbers. Moreover, since one end of a tube has already combined with 



the conductive front face of a base possible [ a flow ], it is convenient for especially 
application of probes, such as field electron emission and STM, the vibrator of quantum 
device and a micro machine, various electrodes, etc. Moreover, since high intensity 
stably and, carbon is chemically available also as reforming on the front face of a base. 
[0085] 

[Example] Hereafter, this invention is explained more to a detail using an example. 
[0086] Si wafer substrate which has the clean surface as an example 1 (l) base was 
prepared, and Ti was formed in thickness of lOOnm by the RF sputtering method on this 
Si wafer front face. Sputtering conditions were set to RF power :400W and Ar 
partial-pressure-of-gas^SmmTorr. After forming Ti, within the same equipment, the 
target was changed into aluminum, aluminum film was formed in thickness lmum on 
the same sputtering conditions, and the base shown in drawing 5 (a) was produced. 
[0087] Moreover, the base which has the laminated structure shown in drawing 5 (a) 
like the above was produced except having changed Ti thin film into Zr, Nb, Ta, Mo, Cu, 
Zn, Pd, or Au thin film. 

[0088] The base was used into the anode plate, Pt was used as cathode, being 
respectively immersed in the oxalic acid solution of 0.3M, and holding these bases at 17 
degrees C, the electrical potential difference of 40V was impressed, and aluminum was 
anodized. as shown in drawing 10 , the front face of aluminum oxidized quickly at first 
by electrical-potential-difference impression, the anodic oxidation current decreased, 
but when aluminum film oxidizes and pore began to be formed, as for the current value, 
the value of about 1 law came to be shown. Then, anodic oxidation was stopped after the 
current value decreased quickly, as the curve (a) showed each base which used as Ti film, 
Zr film, Nb film, Ta film, and Mo film the layer which constitutes a conductive front face 
to drawing 10 . It was for about 10 minutes in the meantime. These bases will be called 
the base of group ** here. 

[0089] Moreover, about each base which used as Cu film and Zn film the layer which 

constitutes a conductive front face, as the curve (b) of drawing 10 showed, once the 

current value rose, when it fell, anodic oxidation was stopped. It was about 10 minutes 

in the meantime. These bases will be called the base of group ** here. 

[0090] Furthermore, about each base which used as Pd film and Au film the layer which 

constitutes a conductive front face, as shown in the curve (c) of drawing 10 , after the 

current value increased quickly, anodic oxidation was stopped. It was about 10 minutes 

in the meantime. These bases will be called the base of group ** here. 

[0091] Next, when the configuration was analyzed about the base of above-mentioned 

group **, **, and ** using the transmission electron microscope, as the base of group ** 



was shown in drawing 9 , the aluminum film on a conductive front face oxidized 
completely in the thickness direction, and pore 53 had not arrived at a conductive front 
face. And it was checked that the pass of the shape of a pons containing the metal (for 
example, Ti, Zr, Nb, Ta, or Mo) which constitutes a conductive front face is formed 
between a conductive front face and a pore pars basilaris ossis occipitalis. 
[0092] About the base of group **, having arrived even at the conductive front face, as 
aluminum film on a conductive front face oxidizes completely in the thickness direction 
and pore was shown in drawing 2 (a) was checked. 

[0093] Moreover, about the base of group **, although aluminum film of a conductive 
front face oxidized, pore had disappeared. Although the reason to which pore 
disappeared is not clear, it is thought that the conductive front face reacted with the 
electrolytic solution, the high current occurred, oxygen gas etc. occurred at that time, 
and pore has been destroyed. 

[0094] (2) The layered product shown in drawing 5 (a) in which Ti film, Zr film, Nb film, 
Ta film, and Mo film were formed on Si wafer base front face was produced like the 
above (l). The base was used into the anode plate, Pt was used as cathode, being 
respectively immersed in the oxalic acid solution of 0.3M, and holding these bases at 17 
degrees C, the electrical potential difference of 40V was impressed, and aluminum was 
anodized. Anodic oxidation stopped, just before reduction of the anodic oxidation current 
shown with a curve (a) in drawing 10 was observed. It was about 8 minutes in the 
meantime. These bases will be called the base of group **. 

[0095] When the configuration was analyzed using the transmission electron 
microscope about the base of group **, the aluminum film on a conductive front face as 
well as the base of group ** oxidized completely in the thickness direction, and pore 53 
had not arrived at a conductive front face. And the observed pass was not observed in 
the base of group **. 

[0096] Next, about the base of group ** and **, the ease of carrying out of plating to a 
pore front face was measured by the following approaches. That is, potential required to 
plate Co film in pore CoS04 and 7H2 0=5wt%, the base of group ** and ** being 
immersed into an H3 B03 =2wt% water solution, and applying potential between 
opposite Co electrodes was measured as potential of the base to a calomel normal 
electrode, the result -- the base of group ** - about — although it was -1"1.5V - 
receiving group ** -10 - it was [ V or more ] required. This shows that the role with 
the pons-like pass important for conductive improvement with a pore pars basilaris 
ossis occipitalis and a conductive front face generated in the base of group ** is played. 
[0097] (3) The base of group ** **, and ** was prepared by the same approach as the 



above (l) and (2) explained. Next, the catalyst ultrafine particle was produced with the 
alternating current electrodeposition process to pore **** of each base. The base which 
produced pore was dipped in the H3B03=2wt% water solution CoS04.7H20=5wt%, and 
the structure which Co ultrafine particle electrodeposited at the pore pars basilaris 
ossis occipitalis like drawing 5 (c) was acquired by impressing the alternating current 
(50Hz) electrical potential difference of 15V for several seconds. 

[0098] Next, the carbon nanotube was grown up within the reactor as shown in drawing 
4 . The base which has a catalyst ultrafine particle first was installed into the reactor, 
lOsccm installation of the hydrogen gas was carried out from the gas installation tubing 
45, and the pressure in a reaction container was set to 500Pa. And the infrared lamp 
was turned on and base temperature was made into 400*800 degrees C. 
[0099] After temperature was stabilized, about 10 seem installation of the material gas 
of methane, ethylene, acetylene, a carbon monoxide, or benzene was carried out from 
the material gas installation tubing 44, and the pressure in a reaction container was set 
to lOOOPa, and was held for 20 minutes. And after erasing the infrared lamp, 
intercepting gas supply, and making substrate temperature into the room temperature, 
the base was taken out in atmospheric air. 

[0100] When the front face of the taken-out base was observed in FESEM (Field 
Emission-Scanning Electron Microscope- field emission scanning electron microscope), 
as any base was shown in drawing 5 (d), the carbon nanotube was growing from the 
catalyst ultrafine particle of a pore pars basilaris ossis occipitalis. Depending on 
material gas or a catalyst ultrafine particle, carbon nanotubes are the diameter of 
several nm - lOnm of numbers, and where one side of a tube is joined to a substrate, 
they were growing perpendicularly along with the pore from a substrate. 
[0101] However, when methane was source gas, there was little growth of a carbon 
nanotube. Moreover, when benzene is source gas, there is variation in the path of a 
carbon nanotube, and the thick thing was comparable as the diameter of pore. The 
growth optimum temperature of a carbon nanotube became high in order of a carbon 
monoxide, acetylene, ethylene, benzene, and methane. 

[0102] In order to carry out characterization of the obtained carbon nanotube device, the 
carbon nanotube device of group **, **, and ** was installed in the vacuum chamber, 
and it installed so that the location which was parallel to the base and separated the 
counterelectrode from the base 0.1mm might be countered with the carbon nanotube 
forming face of a base. And after exhausting the inside of a chamber to 10-8Torr, the 
forward electrical potential difference is impressed to the counterelectrode, and the 
amount of electron emission from a carbon nanotube was measured. 



[0103] Moreover, as an example of a comparison, on this front face of the base which has 
a conductive front face, the carbon nanotube which ethanol was made to distribute was 
applied and the carbon nanotube thin film was formed. Variance considered as tales 
doses mostly with the carbon nanotube which the carbon nanotube device obtained 
using the base and ethylene of above-mentioned group **, **, and ** is supporting, and 
prepared the base with a carbon nanotube thin film corresponding to the carbon 
nanotube device of group **, **, and **. Next, the amount of electron emission from this 
base was measured like the above-mentioned approach. 

[0104] consequently in the carbon nanotube device of group **, **, and ** - about -- 
the emission current began to be observed from 100V impression, and the amount of 
currents at the time of being 200V impression was large an about single figure as 
compared with the film which only distributed the carbon nanotube. It is considered to 
be the cause that the carbon nanotube was enough joined to the electrode, and the 
carbon nanotube was isolated, and this is extended perpendicularly. 

[0105] It was checked from this that the device of this invention has the function which 
was excellent as a source of electron emission. Moreover, between the carbon nanotube 
devices of group **, **, and **, the amounts of electron emission were group **, group **, 
and group ** at many order. 

[0106] (4) The base of group ** was prepared by the same approach as having explained 
above (l). It is this base H2 : After heat-treating at 500 degrees C in the mixed gas of 
helium=2-98 (volume ratio) for 1 hour, the carbon nanotube device was produced like 
the above (3). The amount of electron emission was measured like the above (3) using 
this carbon nanotube device. The electron emission of the amount also exceeding the 
amount of electron emission of the carbon nanotube device produced using the base of 
group ** measured above (3) as a result was checked. Although the reason the carbon 
nanotube device produced using the base which added heat treatment does such 
effectiveness so is not clear, when pass was returned and the conductivity of pass 
improved by heat treatment, it is thought that it is because the electrodeposted 
effectiveness of the catalyst ultrafine particle into pore also rose and the conductivity of 
a conductive front face and a carbon nanotube has been improved further. 
[0107] The example of a process when an electrode layer is the same as a catalyst metal 
the secondary example is explained. After carrying out thickness O.lmum membrane 
formation of the Co film on a base first by RF multitarget sputtering method using Si 
wafer substrate which carried out clarification as a base like the example 1, the target 
was changed into aluminum within the same equipment, aluminum was continuously 
formed in thickness of 0.2 micrometers, and the A17Co cascade screen was produced. 



Sputtering conditions are RF power 400W and an Ar=5mTorr ambient atmosphere here. 
[0108] Next, this base was dipped in the oxalic acid solution of 0.3M, the base was used 
into the anode plate, Pt was used as cathode, holding at 17 degrees C, it impressed 40V, 
and aluminum film was anodized. Although the front face of aluminum oxidizes quickly 
at first by electrical-potential-difference impression and a current value decreases, if 
pore begins to be made after that, a current value will increase and it will become 
constant value. Since pore reached Co layer of a substrate and the current value 
increased gradually after oxidation of aluminum film was completed, anodic oxidation 
was terminated at this time. It was for about 2 minutes in the meantime. 
[0109] When it took out after dipping for 40 minutes into an about [ 5wt% ] 
phosphoric-acid solution, in order to extend the hole of this pore, the base which 
equipped the front face with the alumina film which has pore with a diameter of about 
50nm was obtained. Moreover, by this processing, Co side of a substrate can be exposed 
to a pore pars basilaris ossis occipitalis, and it can use now as a catalyst part. 
[01 10] Next, it installed into the reactor which shows this base to drawing 4 , 20sccm 
installation of the hydrogen gas was first carried out from growth promotion and the 
gas installation tubing 45, and the pressure in a reaction container was set to 500Pa. 
And the infrared lamp was turned on and base temperature was made into 600 degrees 
C. 

[0111] After it carried out 20sccm installation of the mixed material gas which diluted 
ethylene with nitrogen to 10% after temperature was stabilized, and it set the pressure 
in a reaction container to lOOOPa, and having held for 20 minutes, erasing the infrared 
lamp after that, intercepting gas supply and making substrate temperature into the 
room temperature, the base was taken out in atmospheric air. 

[0112] Although the carbon nanotube was growing from the pore part when the front 
face of the obtained base was observed in FE-SEM, many pore parts which the paths of 
a carbon nanotube are several lOnm and eye **, and growth has not generated were 
also seen. The catalyst which exists in pore from this is understood that it is desirable 
that it is an ultrafine particle -like like an example 1. 

[0113] In order to carry out characterization of the obtained carbon nanotube device, 
after attaching an electrode to Co film of a base like an example 1, it installed in the 
vacuum chamber, and it was parallel to the substrate and the counterelectrode was 
installed in the location separated from the substrate 0. 1mm. And after exhausting the 
inside of a chamber to 10"8Torr, the forward electrical potential difference is impressed 
to the counterelectrode, and the amount of electron emission from a carbon nanotube 
was measured. 



[0114] As a result, the emission current began to be observed from the time of 
abbreviation 150V impression, and although the amount of emission currents at the 
time of 200V impression was one half extent of an example 1, it was about several times 
larger as compared with the film which only distributed the carbon nanotube. It was 
checked from this that the device of this invention has function sufficient as a source of 
electron emission. 

[0115] Although, as for the reason nil why the amount of emission currents is small, the 
carbon nanotube is enough joined to the electrode as compared with the electron 
emission component produced using the carbon nanotube of an example 1, electric field 
seldom concentrate [ the diameter of a carbon nanotube ] thickly a little, and it is 
considered to be the cause that the growth consistency of a carbon nanotube is low. 
[0116] The example of the carbon nanotube which produced all of the layer and base 
which constitute an example 3 next an obstruction, and a conductive front face by Si is 
explained using the process approximate account Fig. of drawing 6 , and the equipment 
****** type Fig. of drawing 4 . 

[0117] Using the p mold Si substrate of the low resistance (several mm - number 
lOOmmomegacm) as a base, in order to form an electrode at first, after forming about 1 
micrometers of aluminum film at the rear face of a p mold Si substrate, it annealed at 
400 degrees C, and ohmic contact was produced. 

[0118] And the base was put in into the water solution (fluoric acid =10% and alcoholic 
=5%), it considered as the anode plate, Pt was used for cathode, and anodization was 
performed. Under the present circumstances, aluminum on the back was installed so 
that a fluoric acid solution could not be touched, and it took the electrode from 
aluminum side. Moreover, the current values at the time of anodization are several 10 
mA/cm2. It set up so that it might become. And the base was taken out after anodization 
and it washed in distilled water and IPA. The pore of several nm as shown in Si front 
face according to this process at drawing 6 (a) - lOnm of numbers was formed, and each 
pore was isolated by ** with the obstruction 22 of the p mold Si. 

[0119] Vacuum suction was carried out until it installed this base in the vacuum 
deposition machine and became a degree of vacuum 10"6Torr base, and 0.3nm of Fe(s) 
was vapor-deposited with resistance heating vacuum deposition on the top face. And 
when a base is heated to 700 degrees C as [ ** / which is maintained into a vacuum ] and 
the heat condensation of the vacuum evaporationo film was carried out, it became the 
structure to which the catalyst ultrafine particle 23 entered into pore like drawing 6 (b). 
[0120] Next, it installed into the reactor which shows this base to drawing 4 , 20sccm 
installation of the hydrogen gas was first carried out from the gas installation tubing 45, 



and the pressure in a reaction container was set to 500Pa. And the infrared lamp was 
turned on and base temperature was made into 650 degrees C. After it carried out 
20sccm installation of the ethylene, and it set the pressure in a reaction container to 
2000Pa, after temperature was stabilized, and having held for 20 minutes, erasing the 
infrared lamp after that, intercepting gas supply and making substrate temperature 
into the room temperature, the base was taken out in atmospheric air and the carbon 
nanotube device was obtained. 

[0121] Next, the carbon nanotube device was produced like the above except having 
changed the ingredient of a catalyst ultrafine particle into Co, nickel, or Pd. Although 
growth of the carbon nanotube from a pore part was accepted about the device using Fe, 
Co, and nickel as a catalyst when the front face of these four kinds of carbon nanotube 
devices was observed in FE-SEM, in the device using Pd, most growth of the carbon 
nanotube in pore was not seen. 

[0122] In order to evaluate the property of the carbon nanotube device which used and 
produced Fe, Co, and nickel for the catalyst, after attaching an electrode to a base like 
an example 1, it installed in the vacuum chamber, and it was parallel to the substrate 
and the counterelectrode was installed in the location separated from the substrate 
0.1mm. And after exhausting the inside of a chamber to 10"8Torr, the forward electrical 
potential difference is impressed to the counterelectrode, and the amount of electron 
emission from a carbon nanotube was measured. 

[0123] about [ consequently, ] - electron emission began to be observed from the time of 
100V impression, and the amount of emission currents at the time of 200V impression 
was large about 10 times as compared with the film which only distributed the carbon 
nanotube. 

[0124] It is considered to be the cause that the carbon nanotube is enough joined to the 
electrode, and each dissociated, and this is perpendicularly extended from the base. It 
was checked from this that the device of this example has the function which was 
excellent as a source of electron emission. 

[0125] The process outline explanatory view of drawing 7 and the equipment outline 
diagram of drawing 4 are used, and the configuration and the example of a process of a 
tip mold carbon nanotube device are explained to the 4th example. 

[0126] After applying the resist 71 (the Hoechst A.G. make, AZ) by 0.5-1-micrometer 
thickness by the spinner like drawing 7 (a) on the low resistance Si wafer which is a 
base first and carrying out UV exposure using a mask, the exposure part was exfoliated 
with the organic solvent and the 0.1*1 micrometer (submicron) hole 72 was made on the 
resist. And the base was introduced into the plasma etching system, Si wafer was 



etched from a part for the hole of a resist, and the hole 72 was produced also to Si wafer. 
At this time, etching conditions are SF4. Gas was 5Pa and RF power was 150W, and 
processing-time 1 minute. 

[0127] Next, this base was installed in resistance heating vacuum evaporationo 
equipment, and the Cd-nickel alloy (presentation ratio Vl) was formed in the thickness 
of lnm to the resist layer front face and the hole front face of Si wafer. Subsequently, 
after carrying out lift off of the resist, it anneals at 500 degrees C among a vacuum, and 
the heat condensation of the Co-nickel thin film was carried out, and it 
ultrafine-particle-ized and considered as the catalyst ultrafine particle 73 of drawing 7 
(c). 

[0128] Next, it installed into the reactor which shows this base to drawing 4 , 20sccm 
installation of the hydrogen gas was first carried out from the gas installation tubing 45, 
and the pressure in a reaction container was set to 500Pa. And after turning on the 
infrared lamp, making base temperature into 700 degrees C and stabilizing 
temperature, 20sccm installation of the acetylene gas of 90% dilution of nitrogen was 
carried out, and the pressure in a reaction container was set to 3000Pa, and was held for 
20 minutes. And the infrared lamp was erased, and after intercepting gas supply and 
making substrate temperature into the room temperature, the base was taken out in 
atmospheric air. 

[0129] When the front face of the obtained base was observed in FE-SEM, as shown in 
drawing 7 (d), the carbon nanotube 24 was growing from catalyst ultrafine particle 23 
part in a hole 72, and the diameters of a carbon nanotube were several nm - lOnm of 
numbers. 

[0130] In order to carry out characterization of the obtained carbon nanotube device, the 
substrate was attached in the probe parts of STM and AFM evaluation equipment, and 
the electrode was made into the probe which wired. As a result of STM and AFM 
evaluation, a good image with a carbon nanotube tip mold is obtained, and it is ****. 
[0131] The directivity of the carbon nanotube surrounded by the obstruction is joined 
sufficiently electrically [ a carbon nanotube ] to an electrode (here low resistance SO 
good, and this is considered to be the effectiveness that a tip is sharp. 
[0132] The ** type schematic diagram of drawing 8 is used, and the example of a 
configuration of a tunnel mold carbon nanotube device is explained to the 5th example. 
[0133] Electrodes 81 and 82 are first provided on the high resistance or insulating base 
80, and it is formed as the alumina film of the obstruction 22 which adjoins an electrode 
81 and has pore is drawing 8 (b). 

[0134] Moreover, the catalyst ultrafine particle 23 was introduced in pore, the carbon 



nanotube 24 grew from the catalyst ultrafine particle front face, and the carbon 
nanotube 24 has reached even on an electrode 82. Moreover, the thin insulating layer is 
prepared in the part on an electrode 82, and it connects through the insulating layer 87 
in the carbo nanotube 24 on it. The insulating coat film 83 is formed on the insulating 
layer 87 and the obstruction 22. Moreover, it insulates with the obstruction between the 
electrode 81 and the carbon nanotube, and, therefore, connects between the electrode 81 
and the electrode 82 in order of the electrode 81 -obstruction (alumina layer) 22-catalyst 
ultrafine particle 23-carbon nanotube 24-insulating-layer 87-electrode 82. 
[0135] After carrying out electrode attachment of the device which has the 
above-mentioned configuration, it inserted into liquid helium and cooled to 4K, and the 
current-voltage characteristic was evaluated. As a result, the negative resistance region 
was observed by the current-voltage characteristic. The device of this invention has the 
double obstruction and this is considered to be the result in which resonance tunneling 
appeared. If this effectiveness is used, it is expected that it is applicable to RF detection 
or an oscillation. 

[0136] If seeding of the catalyst ultrafine particle is only carried out to high density on a 
flat front face and a carbon nanotube is produced with a thermal decomposition method, 
the probability to grow up while one carbon nanotube connects many catalyst ultrafine 
particles to the inside or an outside will become high. 

[0137] Thus, as for the directivity of the carbon nanotube to which two or more catalyst 
ultrafine particles were connected, configurations, such as variation and a size, do not 
become homogeneity in many cases, either. It is desirable to isolate respectively and to 
grow up a catalyst ultrafine particle from this. 

[0138] Moreover, with the present technique, although a carbon nanotube is applied as 
an electrode in many cases, after compounding a carbon nanotube, it scatters on paste 
attachment or a substrate and the approach of forming a metal is taken. 
[0139] Even if the carbon nanotube device of this invention does not give electrode 
attachment after such composition, it has one description at the point of having the 
configuration which has combined the conductive front face and the carbon nanotube 
possible [ a flow ]. and the device which has such a configuration is producible by 
[ which stated the presentation of the obstruction which separates a conductive front 
face, a catalyst ultrafine particle, and an ultrafine particle, the synthetic approach of a 
configuration and a carbon nanotube, etc. by detail letter ] choosing many things like. 
And according to this invention, the following effectiveness can be acquired, for example. 
[0140] 

[Effect of the Invention] (l) The good device with which it was electrically joined to the 



electrode, and the carbon nanotube was isolated mutually is obtained. 

(2) An electron emission device with the sufficient electron emission characteristic is 
obtained. 

(3) Probes in which an image is good and reinforcement has it, such as STM and AFM, 
are obtained. 

(4) The new tunnel mold device using a carbon nanotube is obtained. 

[0141] (5) The configuration which consisted of a layer which includes a conductive front 
face for Ti, Zr, Nb, Ta, Mo, Cu, or Zn, especially a layer containing Nb about the carbon 
nanotube device concerning especially this invention, and established the obstruction of 
the oxide film on anode of aluminum, i.e., the alumina film equipped with pore, on this 
conductive surface configuration film has the good adhesion of the alumina film and a 
conductive front face, and the alumina film does not exfoliate in an interface with a 
conductive front face. For the reason, it becomes a carbon nanotube device applicable to 
the probe for the electron emission component of high quality, STM, and AFM etc. with 
a desirable configuration. 

[0142] (6) Moreover, when semi-conductors, such as the p mold Si, are used as a base, 
two or more pores isolated with Si or the obstruction of Oxidation Si can be easily 
formed in this p mold Si front face by carrying out anodization of the p mold Si front face. 
And if a carbon nanotube is grown up from this pore, the carbon nanotube device with 
which a carbon nanotube has the carbon nanotube to which directivity was 
comparatively equal since the direction of growth is prescribed by this obstruction can 
be formed by low cost. 

[0143] (7) When connecting a conductive front face and a carbon nanotube with an 
electrode through a catalyst ultrafine particle, 1 or more kinds of metals chosen from Fe, 
Co, and nickel of this catalyst ultrafine particle are desirable on growth control of a 
carbon nanotube. 

(8) Moreover, the carbon nanotube device which made the tunnel junction electric 
connection between a carbon nanotube and a conductive front face is desirable when 
producing a resonance tunnel device etc. 
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[Brief Description of the Drawings] 



[Drawing ll Are the ** type schematic diagram showing the structure of a carbon 
nanotube, the carbon nanotube to which, as for (a), the isotropic carbon fiber was 
attached to the perimeter, and, as for (b), amorphous carbon was attached, and (c) show 
a multi-wall (carbon) nanotube, and (d) shows a single Wall (carbon) nanotube. 
[Drawing 2] A base, the example of a configuration with the same layer from which a 
conductive front face is constituted, the layer from which (c) constitutes a conductive 
front face, the example of a configuration with the same obstruction, and (d) show the 
example of a configuration with the layer and the obstruction are the ** type schematic 
diagram showing the configuration of a carbon nanotube device, and same [ (a) ] which 
constitute a base and a conductive front face in a base, the layer from which a 
conductive front face be constituted, example of a configuration from which an 
obstruction differs and (b). 

[Drawing 3] It is the ** type schematic diagram showing the configuration of a tunnel 
junction mold carbon nanotube device, and, as for (a), the example of a configuration to 
which an insulating layer exists in some front faces of the layer which constitutes a 
conductive front face, and (d) show the example of a configuration with same layer and 
obstruction which constitutes a base and a conductive front face, as for a base, the layer 
which constitutes a conductive front face, ****** the example of a configuration from 
which an obstruction differs, the example of a configuration in which, as for (b), ****** 
exists on the surface of an obstruction and (c). 

[Drawing 41 The ** type schematic diagram showing an example of the growth 
equipment of a carbon nanotube. 

[Drawing 51 It is outline process drawing showing the manufacture process of the 
vertical mold carbon nanotube device using alumina pore. 

[Drawing 6l It is outline process drawing showing the manufacture process of the 
vertical mold carbon nanotube device using Si pore. 

[Drawing 71 It is outline process drawing showing the manufacture process of a tip mold 
carbon nanotube device. 

[Drawing 8] (a) It is the outline top view of one embodiment of a tunnel mold carbon 
nanotube device, (b) is AA line sectional view of the tunnel mold carbon nanotube device 
shown in drawing 8 (a). 

[Drawing 9] It is the outline sectional view of the embodiment of further others of the 
carbon nanotube device concerning this invention. 

[Drawing 101 It is the schematic diagram showing change of the anodic oxidation 
current at the time of forming aluminum film on the conductive front face which 
consists of various ingredients, and making this aluminum film anodize. 



[Drawing 111 It is the outline sectional view of the base equipped with the obstruction 

which can be used for formation of the carbon nanotube device of drawing 2 (a). 

[Description of Notations] 

11 Carbon Fiber 

12a- 12c Carbon nanotube 

20 Base 

21 Layer Which Constitutes Conductive Front Face (Conductive Surface Layer) 

22 Obstruction 

23 Catalyst Ultrafine Particle 

24 Carbon Nanotube 

25 Semi-conductor Obstruction 

26 Aluminum Layer 
35 ****** 

41 Reaction Container 

42 Base 

43 Infrared Absorption Plate 

44 Tubing Which Introduces Material Gas 

45 Gas Installation Tubing 

46 Exhaust Air Rhine 

47 Infrared Lamp 

48 Condensing Mirror 

49 Infrared Transparency Aperture 
53 Pore 

71 Resist 

72 Hole 

80 Base 

81 82 Electrode 

83 Insulating Coat Film 
87 Insulating Layer 
91 Insulating Layer 
93 Pass 



